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Test sample:
Type of test object:
Trademark:

Model and/or type reference:

Engineering prototype
SOLAR INVERTER

SUN2000-36KTL, SUN2000-33KTL-A

Rating(s):

See rating labels on page 6

Manufacturer:
Manufacturer number:
Address:

Huawei Technologies Co., Ltd.
41829

Administration Building Headquarters of Huawei Technologies Co., Ltd.,
Bantian, Longgang District, 518129 Shenzhen, PEOPLE'S REPUBLIC
OF CHINA

Sub-contractors/ tests (clause):

Name:

N/A
N/A

Order description:

X Complete test according to TRF

[ Partial test according to manufacturer's specifications

] Preliminary test

[] Spot check

[] Others:
Date of order: 2020-02-26
Date of receipt of test item: 2020-02-26

Date(s) of performance of test:

2020-02-26 to 2020-03-31

Test item particulars:

Equipment mobility:

[] hand-held [] stationary
[] transportable [ for building-in

] movable
X fixed

Connection to the mains:

] direct plug-in
(] for building-in

[] pluggable equipment
X] permanent connection

Environmental category: X outdoor (] indoor ] indoor
unconditional conditional

Over voltage category Mains: [(Jovci [Jovci Xovcint [JovclIv

Over voltage category PV: [Jovcl Xovcn [Jovci [Jovciv

Mains supply tolerance (%): -20 %...+10%

Tested for power systems: TN-C-S

Testing of phase-phase voltage (V): 3/N/PE~, 400V

Class of equipment: X Class | [ Class i [ Class Il

] Not classified

Pollution degree:

3(external environment), 2(internal environment)

IP protection class:

IP65
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Purpose of the product (Description of intended use):

These devices are transformer-less grid-connected PV inverters which convert direct current optimized by
photovoltaic DC conditioner to alternating current, and they are intended to be connected in parallel with
the LV distribution grid directly to supply common load.

They are intended for professional incorporation into PV system, and they are assessed on a component
test basis.

Firmware version for family design inverters: V200R002

Characteristic data (not shown on the marking plate):

Input

Technical specifications SUNZ2000-33KTL-A SUN2000-36KTL

Max. input power (cos ¢ = 1) 30600 W 40800 W

Max. input voltage 1100 Vvd.c.

Max. input current per MPPT route 22 Ad.c.

Max. inverter backfeed current to the

array 0 Ad.c.

Max. short-circuit current per MPPT route 30 Ad.c.

Min. starting voltage 250 Vd.c.

MPP voltage range 200 V — 1000 Vvd.c.

Full load MPP voltage range 480 — 800 V

Max. number of inputs 8

Number of MPPT routes 4

Output

Technical specifications

SUN2000-33KTL-A

SUN2000-36KTL

Rated output power

30000 W

36000 W

Max. apparent output power

33000 VA

40000 VA

Max. output power (cos ¢ = 1)

30000 W

40000 W

Rated output voltage

230 V/400 V,

3W+(N)+PE

AC power frequency

50

Hz

Max. output current

48 A

57,8 A

Power factor

0,8 leading ..

. 0,8 lagging

Max. total harmonic distortion

< 3%

Attachments:
N/A

General remarks:

"(see remark #)" refers to a remark appended to the report.
"(see appended table)" refers to a table appended to the report.

Throughout this report a comma is used as the decimal separator.
The test results presented in this report relate only to the object tested.
This report shall not be reproduced except in full without the written approval of the testing laboratory.
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Summary of testing:

Full tests were conducted on SUN2000-36KTL against VDE-AR-N 4105:2018 and test method is based on
draft standard E DIN VDE V 0124-100 (VDE V 0124-100):2019 as a reference, addtional harmonic test was
conducted on SUN2000-33KTL-A, all test voltage is at nominal voltage 400VAC, and nominal frequency

50Hz.

Certified on representative model SUN2000-36KTL of family design products, results of the measurement of
SUN2000-36KTL can be transferred to SUN2000-33KTL-A based on transferability rule of measurements in
draft standard E DIN VDE V 0124-100 (VDE V 0124-100):2019.

Test items below according to draft standard E DIN VDE V 0124-100 (VDE V 0124-100):2019 in details:
See Appendix Tables of this test report

Clause | Test items Samples for testing in details

5.2.2 Rapid voltage change SUN2000-36KTL

5.2.3 Flicker SUN2000-36KTL

524 Harmonics and inter-harmonics SUN2000-36KTL
SUN2000-33KTL-A

5.2.5 Commutation notches N/A

5.2.6 Direct currents feed-in SUN2000-36KTL

5.3.2.1 | calculation of the asymmetry of three-phase inverters SUN2000-36KTL

5.3.2.2 | Additional tests for communicatively coupled converters N/A

5.3.2.3 | Symmetrical operation with a symmetry device N/A

5.4.2 Measurement of the active and reactive power range SUN2000-36KTL

5.4.3 Active power reduction by setpoint specification SUN2000-36KTL

5.4.4 Active power feed of PGU at overfrequency SUN2000-36KTL

5.4.5 Active power supply of storage unit at overfrequency N/A

5.4.6 Active power supply for PGU at underfrequency SUN2000-36KTL

5.4.7 Active power supply of storage unit at underfrequency N/A

5.4.8.1 | Tests of Reactive power / displacement factor adjustment SUN2000-36KTL

accuracy
5.4.8.2 | Test the displacement factor / active power characteristic SUN2000-36KTL
curve cos ¢ (P)

5.4.8.3 | Testing the reactive power-voltage characteristic curve Q(U) | SUN2000-36KTL

5.5.3 Central NS-Protection N/A

5.5.4 Integrated NS-Protection SUN2000-36KTL

5.5.6.2 | Central interface switch N/A

5.5.6.3 | Integrated interface switch SUN2000-36KTL

5.5.7.2 | Voltage monitoring und frequency monitoring NS protection | SUN2000-36KTL

5.5.8 Notification of NS-Protection SUN2000-36KTL

5.5.9 Structural features of NS-Protection SUN2000-36KTL

5.5.10 | Islanding detection SUN2000-36KTL

5.6 Connection conditions and synchronisation SUN2000-36KTL

5.7 Test of Pav.e- monitoring N/A, test shall be verified on
system level with suitable
solution and based on its
application

5.8 Test of dynamic network support SUN2000-36KTL

5.9 Testing of auxiliary equipment N/A

[ deviation(s) found
X no deviations found
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&8 Model: SUN2000-36KTL
## Name: KMgELRMER
SOLAR INVERTER

A

RAMABRE d.c. Max. Input Voltage: 1100 Vd.c.

BAMNEHE d.c. Max. Input Current: 22 AJ22 AJ22 AI22 A

MOJEREEIE Isc; 30 A0 AB0A/I0A

MPPELESEM d.c. MPP Range: 200~ 1000 Vd.c.

M B a.c. Output Nominal Voltage: 380/400 Va.c.; 3(N) ~+ &

480Va.c.; 3~ + D

MHHME a.c. Nominal Operating Frequency: 50/60 Hz

WML TI%E a.c. Output Rated Power: 36 kVA*

BANHILE a.c. Output Max. Power: 40 kVA

BAMBARE a.c. Output Max. Current: 60.8 A; 380 Va.c./
§T.8A; 400 Va.c./
48.2A; 480 Va.c.

TR EW Power Factor: 0.8(lagging) - 0.8(leading)

A5 Operating Temperature Range: - 26 = +60 °C

B5#% @, Enclosure: IP65

R ES Protection Class: |

#RAR Communication: PLC/RS485

+: $tRICEI 0-16, CEI0-21:AM%, WiEditichaay & bkw
+: Only for GE| 0-16 and CEI 0-21, the unit of the output rated power is kW

il g Baluty
TOVRhemiand

| ceamAED

ERHAAMAR HUAWE! TECHNOLOGIES CO.,LTD. fE#iE MADE IN CHINA
HQ of Huawel, Bantlan, Longgang District, Shenzhen, 518128, PR.C

4-R1

100.0

70.0

B & Model: SUN2000-33KTL-A
Z# Name: KFRRENRILIER
SOLAR INVERTER

e

BAMAAE d.c. Max. Input Voltage: 1100 Vd.c.
BAMAIEHE d.c. InputCurrent: 22 A/22 A/22AI22 A
WO\ Isc: 30 AJ30 A/30 A30 A

MPPHLEFSHE d.c. MPP Range: 200 = 1000 Vd.c.
HMHBE a.c. Output Nominal Voltage: 400 Va.c.; 3(N)~ +&
MHME a.0. Nominal Operating Frequency: 50/60 Hz
#EMIHTI® a.c. Output Rated Power: 30 kVA*
BAMBTIE a.c. Output Max. Power: 33 kVA
MAMBARE a.c. Output Max. Current: 48A

LhEW Power Factor: 0.8(lagging) - 0.8(leading)
BE %M Operating Temperature Range: -26 -+60°C
B53F %M Enclosure: IPE5

4% Protection Class: |

WA AE Communication: PLC/RS485

w2 §tRCEI 0-16,CE| 0-21Fa T8, M4t T () M oKW
#: Only for CEI 0-16 and CEI 0-21, the unit of the output rated power is KW

N\ Tree Approved

|= ce @ X

$ENHEORAMAT HUAWEI TECHNOLOGIES CO., LTD.  hiE#iili MADE IN CHINA
HQ of Huawel, Bantian, Longgang District, Shenzhen, 518128, PR.C

Importer:
Huawei Technologies Hungary Ltd.

District, Shenzhen, 518129, PR.

Add.: Hungary-Budapest-Kozraktaru.
30-32, Riverpark, 1st floor

Manufacturer:

Huawei Technologies Co., Ltd.

Add.: HQ of Huawei, Bantian, Longgan

An additional PET film provided to cover label.

A
P
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Picture of the product:

Front Front/left inclined
Rear Bottom
Top/right inclined Topl/left inclined
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Name and address of factory (ies) (only if certification is provided):

Huawei Machine Co., Ltd.

No. 2 City Avenue, Songshan Lake Sci. & Tech. Industry Park, 523808 Dongguan, Guangdong,
PEOPLE'S REPUBLIC OF CHINA

Note: Type verification of conformity, no Fl required.

Possible test case verdicts:

test case does not apply to the test object: N/A (not applicable / not included in the order)
test object does meet the requirement: P (Pass)
test object does not meet the requirement: F (Fail)

Possible suffixes to the verdicts:

suffix for detailed information for the client: C (Comment)
suffix for important information for factory inspection: M (Manufacturing)

Abbreviations used in the report:

Active power (P),

Reactive power (Q),

Apparent power (S),

Maximum apparent power of a power generation system (SAmax),
Maximum apparent power of a power generation unit (Semax),

Maximum active power of a power generation system (Pamax),

Maximum active power of a power generation unit (Pemax),

Network short-circuit power (Skv),

Point of common coupling (PCC),

Displacement factor (cos @),

Power factor (A),

Network impedance angle (yx),

Short-term flicker strength (Pst),

Long-term flicker strength (Pr),

Automatic reclosing (AR; geman: Automatische Widereinschaltung, AWE),
Power generation system (PGS; german: Erzeugungsanlage, EZA),
Power generation unit (PGU; german: Erzeugungseinheit, EZE),

Network and system protection (NS protection; german Netz- und Anlagenshutz, NA-Shutz),
Maximum switching current factor (Kimax).

TRF No. VDE-AR-N 4105:2018 Telephone : +86 20 3832 0668 Tl V SI D Certification and Testing (China) Co.,
Project No: 64.290.20.30220.01 Telefax : +86 20 3832 0478 Ltd. Guangzhou Branch, Tl V Sl D Group
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Clause

Requirement + Test

result — Remark

Verdict

5

Grid connection

P

51

Principles for determining the grid
connection point

Determined in final installation

N/A

5.2

Rating of network equipment

See ratings of PGU

5.3

Permissible voltage change

See appendix table for PGU test

For the undisturbed operation of the
network, the level of slow voltage change
caused by all power generation systems
and storage units with a network connection
point in a low-voltage network shall at none
of the PCCs in this network exceed a value
of 3 % as compared with the voltage
without power generation systems and
storage units:

Verified on system level with grid
impedence

N/A

5.4

Network interactions

See appendix table for PGU test

For power generation systems and storage
units, the permissible limits for network
interactions are also described in VDE-AR-
N 4100, 5.4. For the connection evaluation
of power generation systems and storage
units, the connection owner provides the
completed forms E.2 to E.5 to the network
operator.

5.5

Connection criteria

551

General

55.2

Pav, e monitoring (feed-in limitation)

Shall be verified on system level
with suitable solution and based
on its application

N/A

The measurement of the feed-in limit
described in this subsection must be carried
out at the central meter panel according to
VDE-AR-N 4100, 7.2

N/A

If exceeding the Pav, g, the power of
generation system and/or energy storage
must be reduced within blue curve with
specified time response according to Fig-1.

N/A

TRF No. VDE-AR-N 4105:2018
Project No: 64.290.20.30220.01
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Clause

Requirement + Test

result — Remark Verdict

5.5.3

Power generation system ready for
connection

N/A

5.6

Three-phase inverter system

3/N/PE, 230/400 Va.c

For three-phase power generation systems
feeding into the network via inverters, the
power feed-in into the three line conductors
shall be three-phase balanced. The inverter
circuit shall preferably be set up as a
threephase current unit. The positive
sequence system of the terminal voltages,
even if they are unbalanced, is to be used
as the reference quantity for the currents.

5.7

Behaviour of the power generation system
at the network

57.1

General

For frequencies between 47,5 Hz and 51,5
Hz, automatic disconnection from the
network due to a frequency deviation is not
permitted. The actual operating principle
and the associated exceptions are detailed
in 5.7.4.3. Frequency-dependent active
power control is implemented in the open-
loop control of the power generation units.

In the frequency range of 47,5 Hz to 51,5
Hz, power generation systems shall be
capable of network parallel operation in
compliance with the time-related minimum
requirements given in Table 1.

Power generation units shall be able to ride
through rapid frequency changes without
disconnection from the network. This
requirement applies provided the following

TRF No. VDE-AR-N 4105:2018
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Clause

Requirement + Test

result — Remark Verdict

averaged rates of change of frequency
(RoCoF) are not exceeded:

+/- 2.0Hz/s for moving time solt of 0.5s;
+/- 1.5Hz/s for moving time solt of 1s or
+/-1.25Hz/s for moving time solt of 2s

5.7.2

Steady-state voltage stability/reactive power
supply

5721

General boundary conditions

Steady-state voltage stability means the
reactive power supply provided by a power
generation system and/or a storage unit
when energy is supplied for the purpose of
voltage stability in the distribution network.
The steady-state voltage stability is
intended to keep slow (steady-state)
voltage changes in the distribution network
within acceptable limits.

In case of three-phase feed-in, the reactive
power supply associated with all three
methods described in 5.7.2.4 a) to c) refers
to the positive sequence system
components of the current and voltage
fundamental component. In a passive sign
convention system (see A.8), this means
the operation of the power generation
system in Quadrant Il (under-excited) or
Quadrant Il (over-excited).

If a storage unit consumes energy from the
network, the reactive power exchange at
the network connection point shall comply
with the contractual agreements regarding
the network connection for customer
installations for consumption (see VDE-AR-
N 4100).

Without energy storage unit N/A

57.22

Reactive power supply at Semax

See appendix table for PGU test

For type 2 system with only converter, the
output displacement factor should cover the
area described in Fig-2 or Fig-3

0,8 leading to 0,8 lagging
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Page: 10 of 165 China




Clause

Requirement + Test

result — Remark

Verdict

57.2.3

Reactive power supply smaller than Pemax

In addition to the requirements for reactive
power supply at the operating point PEmax
of the power generation unit (Pmom =
PEmax), requirements also apply to
operation with an instantaneous active
power Pmom smaller than PEmax.

The minimum reactive power control area
shoul cover the red triangle P/Q diagram in
Fig-5 or Fig-6. In the free operation area, a
reduction of active power to facilitate
reactive power is permitted.

See appendix table for PGU test
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Clause Requirement + Test result — Remark Verdict
The maximal deviation between setting P
value and actual value of the controlled
reactive power should be 4.0% of Semax. In
range of 0<Pmom/Semax<0.2(or 0.1), the
reactive power should be less than 10% of
SEmax.

5.7.2.4 Method for reactive power supply
The static voltage supporting with reactive
power control should not imfluence dynamic
grid supporting. The generation system
should control the reactive power within
range described in Fig-5 or Fig-6 using one

TRF No. VDE-AR-N 4105:2018 Telephone : +86 20 3832 0668 T V SJ D Certification and Testing (China) Co.,
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Clause

Requirement + Test

result — Remark

Verdict

of below process of controlling reactive
power. The selection of process is informed
during plan of grid connection

a) reactive power voltage
characteristic curve Q(U);

See appendix table for PGU test

The reference voltage Uqo is 400V/1,732.
The arithmetic mean of the r.m.s. values
(optionally of the positive sequence system)
of the three measured line-to-neutral
voltages at the generator terminals of the
power generation unit is the target value for
the reactive power to be fed in on all line
conductors. Voltage measurement shall not
exceed a maximum measurement error of 1
% in relation to the nominal value.

The Q(U) control is only applicable to 3
phase generation unit and the requirement
is performed on generation unit terminals

b) displacement factor/active power
characteristic curve cos ¢ (P);

See appendix table for PGU test

The displacement power factor is
dependent on the actual active power
output according to Fig-8 and Fig-9
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Clause

Requirement + Test

result — Remark

Verdict

c) fixed displacement factor cos ¢.

See appendix table for PGU test

For this purpose, the target value is defined
with a minimum increment of A cos ¢ =
0,01. The maximum permissible error
tolerance of the reactive power feed-in is
calculated using the error tolerance given in
5.7.2.3 of + 4 % in relation to PEmax.

57.25

Requirements for reactive power methods
of type 2 systems (inverters only) and type
1 systems

The control process of reactive power
(process a, b and c) during setting value
adjustment should follow PT-1 process of
Fig-10. The PT-1 proecess 3 Tau should be
settable between 6s and 60s for Type 2
system with default setting as 10s.

57.2.6

Special aspects regarding the extension of
power generation systems

Determined in final installation

N/A

5.7.3

Dynamic network stability

See appendix table for PGU test

5731

General

A grid fault start if the voltage at generation
unit terminals is under 0.85 Un or over
1.15Un.

TRF No. VDE-AR
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Clause

Requirement + Test

result — Remark

Verdict

The grid fault ends when one of below two
things happen in earlier:

The voltage of generation unit recover to
range -15% Un to +10% Un or

5s after the start of the fault

P

Power generation units in the “energy
supply” mode and storage units in the
“energy consumption and supply” modes
shall contribute to the dynamic network
stability.

During grid fault, the generation unit and
energy storage should fulfil below
requirements in both balanced and
unbalanced grid fault:

- No disconnection from the grid

- Overvoltage upto 1.2Un for period
of 5s

- Type 2 unit and energy storage
should not feed-in active or reactive
current into grid during fault.

- Generation unit and energy storage
should endure multiple grid faults
followed

The FRT-Limit-Curve according to Fig-12 is
applicable to 1-, 2- and 3-phases fault

57.3.2

Dynamic grid supporting for Type 1 unit

N/A

57.3.3

Dynamic grid supporting for Type 2 unit and
energy storage

See appendix table for PGU test

The output current at all terminals should be
limited less than 20% of rated current in
60ms and 10% of rated current in 100ms

Behavior after end of fault:

Active current should recover back to
normal value before fault within 1s after end
of fault

57.4

Active power output

See appendix table for PGU test
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Clause

Requirement + Test

result — Remark

Verdict

574.1

During active power remote control required
by grid security management, the change
should fulfil power gradient requirement.
The adjustment of power gradient direct on
generation unit or energy storage is
sufficient to fulfil the requirement:

Not faster than 0.66% Pamax/S;

Not slower than 0.33% Pamax/s. For
genertation system not slower than 4%
Pamax/minute

P

The generation system and energy storage
shoul have a logic interface to receive
active power order within 5s after sending
by grid operator.

5.74.2

Network security management

57421

Generation system and energy storage

For PV system less than 30kWp, the
certified technical control limited to 70% of
installed module power of grid connection
point or

PV system is equiped with remote active
power control for limitation

N/A

For PV system large than 30kWp and less
than 100kWp, it should be equipped with
remote active power control for limitation

PGU can meet this application

For PV system large than 100kWp, it should
be equipped with remote active power
control for limitation and report feed-in
power in real time.

N/A

For Energy storage used in EEG or KWK-G
system, if the PAmax>100kW, it should be
equipped with remote active power control
for limitation and report feed-in power in
real time.

Without energy storage unit

N/A

57.4.2.2

Implementation of network security
management

System solution

N/A

The generation system and energy storage
should control its active power without grid
disconnection to 100%/60%/30%/0% of

PAmax.

N/A

57.4.3

Active power adjustment during over and
under frequency

See appendix table for PGU test

If the network frequency falls out of
tolerance band of +/-200mHz from rated
frequency of 50.0Hz, all generation unit and
energy storage connected to the grid shall
support grid stability by frequency
regulation.

TRF No. VDE-AR-N 4105:2018
Project No: 64.290.20.30220.01 Telefax : +86 20 3832 0478

Rev.: 00
Date: 2020-04-13
Page: 16 of 165

http://lwww.tuv-sud.cn

Telephone : +86 20 3832 0668

T V SJ D Certification and Testing (China) Co.,
Ltd. Guangzhou Branch, TU V Sl D Group

5F, Communication Building, 163 Pingyun Rd,

China

Huangpu Ave. West, Guangzhou 510656, P. R.




Clause

Requirement + Test

result — Remark

Verdict

The accuracy of frequency measurement
must be <10mHz.

P

For DC-coupled energy storage unit, type-2
unit is regarded.

During frequency change, the active power
output should fulfil Fig-14 and/or Fig-15

5744

Voltage-dependent active power
reductionVoltage-dependent active power
reduction is not required in this technical
requirement

N/A

5.7.5

Short circuit contribution

Construction of the power generation system/
protection)

network and system protection (NS

6.1

General requirements

The PGU include integrated
interface switch and NS
protection, is type-tested against
EN 62109-1 and -2, approved by
TUVRheinland, certificate No.:
R50341078
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Clause

Requirement + Test

result — Remark Verdict

6.2

Central NS protection

Should be installed in system N/A

above 30kVA

6.3

Integrated NS protection

6.4

Interface switch

6.4.1

The disconnection switch is used for NS
protection can can be used as switch
device in single generation unit (integratged
interface switch)

The interface switch must be designed and
rated for the conditional short-circuit current
and taking into account the protective
devices required by 6.5. The switching
ability of the interface switch is to be
measured according to the higher value
from the rated current of the upstream fuse
and maximum initial short-circuit current
contribution of the generation plant. The
function control of the interface switch is to
be realized according to a) or b) or (c):

a) Using ainterface switch, that
switch-on with control voltage and
can automatic switch-off without
voltage supply. The switch on-off
state can be monitored

N/A

b) Minimum once daily check of on-off
switch with the NS protection and
monitoring of normal functions of

interface switch

N/A

¢) Using integrated interface switch
and integrated NS protection for PV
and ESS inverter according to DIN

EN 62109

If a defect is detected, the generation
system should not feed-in grid and not
reconnect to grid

The interface switch should switch all line
conductors. In TT system, all pole
disconnection should be realized. In this
condition, the interface switch as grid
disconnection device during islanding
operation, it should comply with VDE-AR-E
2510-2

6.4.2

Central interface switch

Should be installed in system N/A

above 30kVA

6.4.3

Integrated interface switch

6.5

Protective devices and protection settings

6.5.1

General

TRF No. VDE-AR-N 4105:2018
Project No: 64.290.20.30220.01

Rev.: 00
Date: 2020-04-13
Page: 18 of 165

Telefax

http://lwww.tuv-sud.cn

Telephone : +86 20 3832 0668
: +86 20 3832 0478

Tl V SI D Certification and Testing (China) Co.,
Ltd. Guangzhou Branch, Tl V Sl D Group

5F, Communication Building, 163 Pingyun Rd,
Huangpu Ave. West, Guangzhou 510656, P. R.
China




Clause

Requirement + Test

result — Remark

Verdict

The specification given in 6.5.2 do not refer
to the short-circuit protection, overload
protection, electric shock protection and all-
phase separator. The protection function
may have to be extended by the connection
owner if applicable

P

The protection function shall be
implemented as follows:

Voltage drop protection U<
Rise-in-voltage protection u>
Rise-in-voltage protection u>>
Frequency decrease protection  f<
Frequency increase protection f>
Islanding detection.

See appendix table for PGU test

Voltage protection devices should utilize the
r.m.s value of 50Hz.

The rise-in voltage protection U> shall be
designed as 10 minute mean value as
required in DIN EN 50160 (power quality).
The formation of a new 10 minute mean
value shall be at least every 3s.

For PGS up to 30kVA, the voltage
protection shall be measured between line
and neutral

N/A

For PGS more than 30kVA, the voltage
protection shall be measured between line
and neutral. The line to line voltage shall be
determined or measured.

Frequency protection may be designed as
single-phase equipment

The setting value of protection function and
the last five dated failure report shall be
readable at the NS protection. Interruption
of supply shall not lead to loss of any failure
report. Read-out shall be possible for
central protection without any additional aid.
For integrated NS protection read-out may
use a data interface.

6.5.2

The protection function setting should follow
Table 2

See appendix table for PGU test

The rise-in-voltage protection U> can be 1.1
to 1.15 Un, if used for up to 30kVA with only
integrated NS protection, 1.1Un setting
shall not be changed.

The tolerance of the setting value and trip
value of voltage shall be maximum +/-1%
and frequency +/-0.1%

6.5.3

Islanding detection

See appendix table for PGU test

P
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Clause Requirement + Test result — Remark Verdict
The testing method is according to DIN EN P
62116. Detection of an isolated network and
disconnection of PGS shall be within 2s.
6.6 Other requirements for generation system N/A
6.6.1 Ability to provide primary control power is N/A
not required in the technical requirement. If
this function is included, reference to VDE-
AR-N 4120, 10.5.3
6.6.2 Ability to provide secondary control and N/A
minute reserve is not required in the
technical requirement. If this function is
included, reference to VDE-AR-N 4120,
10.5.4
7 Metering for billing purpose N/A
8 Operation of the system P
8.1 General P
8.2 Special aspects of the management of the N/A
network operator’s network
8.3 Connection conditions and synchronisation P
8.4 Special aspects regarding the planning, N/A
installation and operation of power
generation systems and storage units each
with PAmax = 135 kW
9 Verification of electrical properties P
Annex A | Explanation (informative) N/A
Annex B | Measurement concepts (informative) N/A
Annex C | Examples of meter panel configurations (informative) N/A
Annex D | Example of connection assessment of generation plants — connection of a 20 kW N/A
photovoltaic plant (informative)
Annex E | Form (Normative) P
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Following appendix table is based on the requirements of draft standard E DIN VDE V
0124-100 (VDE V 0124-100):2019:

52.2 TABLE: Rapid voltage changes — SUN2000-36KTL P

Testing method:

The following four cases (if applicable) according to VDE-AR-N 4105:2018-11, Annex E.5 must be tested
three times in each case:

— Case A: Switching on at any power (without specification for the primary energy source);
— Case B: Worst case, when switching between the generator stages;

Note: not applicable for PV system

— Case C: Switching on at rated power;

— Case D: Service shutdown at rated power (no emergency stop, but operational shutdown).

If deviating critical cases are known to the manufacturer (e.g. with deviating cos (¢) specifications), these
must be additionally tested and reported.

Nominal current of PGU In (A) 57,8 The kimax value: 1,001

Test frequency (Hz) 50 -- --

Switching action la (A) Uv) ki

Case A: Starting | -- L1 L2 L3 L1-N L2-N L3-N -

at any output —

(10%Pemay) #1 cos=1 5,83 5,79 5,90 230,3 230,5 230,4 0,102
#2 _ 7,27 7,26 7,35 230,3 230,5 230,4 0,127
c0s=0,8_oe
#3 _ 7,26 7,19 7,22 230,3 230,5 230,3 0,125
c0s=0,8_ue

Case B - L1 L2 L3 L1-N L2-N L3-N -
#1 N/A N/A N/A N/A N/A N/A N/A
#2 N/A N/A N/A N/A N/A N/A N/A
#3 N/A N/A N/A N/A N/A N/A N/A

Case C: Starting | -- L1 L2 L3 L1-N L2-N L3-N --

at normal output —

(100%Pemay) #1 cos=1 57,93 57,78 58,03 230,9 231,0 230,9 1,001
#2 _ 57,94 57,89 58,07 230,9 231,0 230,9 1,001
c0s=0,8 oe
#3 _ 57,35 57,28 57,40 230,7 230,9 230,7 0,990
c0s=0,8 ue

Case D: Service | -- L1 L2 L3 L1-N L2-N L3-N --

shutdown at _

rated power #1 cos=1 57,93 57,78 58,03 230,9 231,0 230,9 1,001

100%P

(100%Penar) 1 #2 57,94 | 57,89 | 5807 | 2309 | 2310 | 2309 | 1,001
c0s=0,8 oe
#3 _ 57,35 57,28 57,40 230,7 230,9 230,7 0,990
c0s=0,8 ue

Supplementary information:
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523 TABLE: Flicker — SUN2000-36KTL

Testing method:

a) Power generation units and storage units (single devices) with a rated current < 75 A:
The following standards must be used in accordance with VDE-AR-N 4100: 2019-04, 5.4.2.1:
— DIN EN 61000-3-3 (VDE 0838-3) for equipment with rated current <16 A
— DIN EN 61000-3-11 (VDE 0838-11) for equipment with rated current >16 Aand <75 A

b) Power generation units and storage units (single devices) with a rated current > 75 A:
The objective of the test is to determine the flicker coefficient cy, at the grid impedance phase angles 30°,

50°, 70° and 85°.

For controllable PGU with rated currents > 75 A, at least 12 measurements of each 10-min must be
performed. Take one measurement for the 10% active power bins from 0% P to 90% P, and three

measurements for the active power bins of 90% and 100% P .

DC input: 800V d.c.

Output voltage of AC balanced network: 400 V

Frequency: 50Hz

Output power for test: 36 kW

Test according to : O EN 61000-3-3 or M EN 61000-3-

O Single Phase M Three Phases: 11
Power level Current | Voltage dc[%]/dmax[%]/d(t)[ | dc[%]/dmax[%]/d(t)[ | dc[%]/dmax][%]/d(t)[
[%Pn] 9 %]/Pst (Phase L1) %]/Pst (Phase L2) %]/Pst (Phase L3)
[0%, 10%] | 3 x 5,22 | 230/400V 0,10/0,53/0/0,15 0,23/0,52/0/0,15 0,07/0,51/0/0,13
[10%, 20%)] |3 x 10,43 | 230/400V 0,62/0,73/0/0,12 0,49/0,57/0/0,12 0,51/0,65/0/0,11
[20%, 30%)] |3 x 15,65 | 230/400V 0,57/0,78/0/0,12 0,59/0,72/0/0,12 0,34/0,51/0/0,11
[30%, 40%)] |3 x 20,87 | 230/400V 0,63/0,85/0/0,12 0,58/0,74/0/0,12 0,46/0,63/0/0,10
[40%, 50%)] |3 x 26,09 | 230/400V 0,60/0,67/0/0,12 0,40/0,47/0/0,12 0,49/0,64/0/0,10
[50%, 60%)] |3 x 31,30| 230/400V 0,58/0,68/0/0,12 0,48/0,55/0/0,11 0,48/0,58/0/0,10
[60%, 70%)] |3 x 36,52 | 230/400V 0,36/0,54/0/0,11 0,47/0,58/0/0,11 0,37/0,42/0/0,09
[70%, 80%] |3 x 41,74 | 230/400V 0,48/0,76/0/0,14 0,44/0,65/0/0,13 0,38/0,58/0/0,11
[80%, 90%)] |3 x 46,96 | 230/400V 0,61/0,64/0/0,11 0,55/0,71/0/0,11 0,48/0,52/0/0,10
[90%,100%)] |3 x 52,17 | 230/400V 0,59/0,63/0/0,15 0,67/0,74/0/0,15 0,45/0,56/0/0,13
[90%,100%)] |3 x 52,17 | 230/400V 0,12/0,35/0/0,09 0,09/0,32/0/0,09 0,04/0,24/0/0,08
[90%,100%] |3 x 52,17 | 230/400V 0,12/0,37/0/0,09 0,09/0,33/0/0,09 0,04/0,25/0/0,08
Pit 0,15
TEST Pst Plt Omax dc d(t)
Maximum values 0,15 0,12 0,85 0,67 0
Limit values 1,0 0,65 4% 3,3% 3,3% 500ms
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5.24 TABLE: Harmonics and inter-harmonics — SUN2000-36KTL P

Testing method:

a) Power generation units and storage units (single devices) with a rated current < 75 A:
— for single devices with a rated current < 16 A per conductor according to DIN EN 61000-3-2
(VDE 838-2);
— for single devices with a rated current > 16 A and < 75 A per conductor according to DIN EN 61000-
3-12:2012-06 (VDE 0838-12).
b) Power generation units and storage units (single devices) with a rated current > 75 A:
Power generation units and storage units (single units) with a rated current > 75 A are to be evaluated
according to Table 1 in VDE AR-N 4100: 2019-04, Chapter 5.4.2.2.2.

The harmonic currents must be measured in accordance with DIN EN 61000-4-7 (VDE 0847-4-7).

The interharmonics currents up to 2 kHz are to be measured according to DIN EN 61000-4-7

(VDE 0847-4-7): 2009-12, Annex A.(type 1) The measurement of the hgiher harmonic between 2 kHz
and 9 kHz must be performed in accordance with DIN EN 61000-4-7 (VDE 0847-4-7): 2009-12, Annex
B.

The measurement may be performed on a test voltage source of any impedance.

The harmonic currents, the interharmonic currents and the higher harmonic currents are determined for
each 10% active power bin.

Harmonics (IEC 61000-3-12, >16 Aand <75 A)

Harmonic
Description | Harmonic Current % = 100In/11 Cgrren.t
Distortion
Factors (%)
Harmonic: I I3 la Is le I7 Is lo l10 l11 l12 liz | THD | PWHD
Limit: 8,0 - 40 | 10,7 | 2,7 7,2 2,0 - 1,6 3,1 1,3 2,0 13 22
Actual
Value 0,563 0,101 |0,052|0,389|0,071 0,342 | 0,057 | 0,083 |0,020|0,382|0,029| 0,404 | 1,093 | 2,677

Note: Max. value of three phase harmonic recorded.

Harmonics (for reference)

Active power 10 20 30 40 50 60 70 80 90 100
P/Pn[%)]
Ordinal %] | 1[%] | 1[%] | 1[%] | 1% | 1[%] | 1[%] | 1[%] | 1[%] | [%]
number
2 0,214 | 0,265 | 0,302 | 0,347 | 0,395 | 0,428 | 0,464 | 0,506 | 0,544 | 0,563
3 0,103 | 0,102 | 0,082 | 0,070 | 0,065 | 0,061 | 0,069 | 0,080 | 0,095 0,101
4 0,075 | 0,090 | 0,084 | 0,074 | 0,065 | 0,056 | 0,047 | 0,043 | 0,051 0,052
5 0,149 | 0,177 | 0,274 | 0,312 | 0,367 | 0,374 | 0,407 | 0,394 | 0,409 0,389
6 0,026 | 0,037 | 0,032 | 0,032 | 0,032 | 0,030 | 0,030 | 0,032 | 0,039 0,071
7 0,291 | 0,237 | 0,215 | 0,172 | 0,196 | 0,199 | 0,271 | 0,302 | 0,350 | 0,342
8 0,021 | 0,021 | 0,030 | 0,028 | 0,030 | 0,032 | 0,033 | 0,036 | 0,037 0,057
9 0,035 | 0,044 | 0,048 | 0,051 | 0,050 | 0,055 | 0,057 | 0,072 | 0,072 0,083
10 0,021 | 0,017 | 0,029 | 0,029 | 0,026 | 0,028 | 0,026 | 0,031 | 0,025 0,020
11 0,216 | 0,192 | 0,333 | 0,329 | 0,350 | 0,340 | 0,351 | 0,384 | 0,378 0,382
TRF No. VDE-AR-N 4105:2018 Telephone : +86 20 3832 0668 T V SJ D Certification and Testing (China) Co.,
Project No: 64.290.20.30220.01 Telefax : +86 20 3832 0478 Ltd. Guangzhou Branch, TU V Sl D Group
Rev.: 00 5F, Communication Building, 163 Pingyun Rd,
Date: 2020-04-13 http://lwww.tuv-sud.cn Huangpu Ave. West, Guangzhou 510656, P. R.

Page: 23 of 165 China




12 0,018 | 0,019 | 0,030 | 0,029 | 0,026 | 0,028 | 0,027 | 0,036 | 0,035 0,029
13 0,250 | 0,167 | 0,285 | 0,306 | 0,307 | 0,348 | 0,341 | 0,392 | 0,398 0,404
14 0,015 | 0,016 | 0,020 | 0,019 | 0,019 | 0,019 | 0,022 | 0,026 | 0,028 0,027
15 0,039 | 0,036 | 0,032 | 0,033 | 0,036 | 0,036 | 0,034 | 0,033 | 0,037 0,037
16 0,015 | 0,014 | 0,018 | 0,018 | 0,019 | 0,020 | 0,023 | 0,030 | 0,033 0,034
17 0,115 | 0,145 | 0,481 | 0,199 | 0,209 | 0,220 | 0,256 | 0,277 | 0,289 0,311
18 0,014 | 0,015 | 0,023 | 0,021 | 0,021 | 0,021 | 0,028 | 0,039 | 0,041 0,036
19 0,086 | 0,136 | 0,458 | 0,161 | 0,478 | 0,186 | 0,207 | 0,245 | 0,255 0,260
20 0,013 | 0,013 | 0,020 | 0,016 | 0,015 | 0,016 | 0,018 | 0,026 | 0,028 0,024
21 0,023 | 0,024 | 0,039 | 0,032 | 0,022 | 0,026 | 0,024 | 0,030 | 0,032 0,034
22 0,012 | 0,016 | 0,022 | 0,022 | 0,014 | 0,015 | 0,018 | 0,024 | 0,026 0,025
23 0,069 | 0,096 | 0,125 | 0,115 | 0,125 | 0,139 | 0,160 | 0,176 | 0,207 0,222
24 0,015 | 0,020 | 0,024 | 0,027 | 0,021 | 0,038 | 0,024 | 0,031 | 0,035 0,035
25 0,045 | 0,076 | 0,114 | 0,097 | 0,109 | 0,118 | 0,135 | 0,148 | 0,175 0,196
26 0,015 | 0,018 | 0,014 | 0,016 | 0,026 | 0,038 | 0,033 | 0,023 | 0,027 0,028
27 0,018 | 0,021 | 0,017 | 0,020 | 0,037 | 0,033 | 0,034 | 0,022 | 0,027 0,028
28 0,013 | 0,017 | 0,013 | 0,012 | 0,021 | 0,016 | 0,031 | 0,031 | 0,022 0,022
29 0,017 | 0,049 | 0,082 | 0,062 | 0,083 | 0,084 | 0,104 | 0,110 | 0,132 0,154
30 0,012 | 0,017 | 0,016 | 0,013 | 0,021 | 0,020 | 0,018 | 0,045 | 0,029 0,031
31 0,021 | 0,044 | 0,070 | 0,048 | 0,068 | 0,072 | 0,080 | 0,081 | 0,114 | 0,132
32 0,012 | 0,013 | 0,014 | 0,011 | 0,014 | 0,020 | 0,016 | 0,031 | 0,025 0,034
33 0,018 | 0,014 | 0,013 | 0,016 | 0,014 | 0,021 | 0,018 | 0,019 | 0,031 0,039
34 0,014 | 0,011 | 0,015 | 0,014 | 0,012 | 0,020 | 0,018 | 0,019 | 0,022 0,033
35 0,026 | 0,026 | 0,043 | 0,038 | 0,053 | 0,061 | 0,062 | 0,053 | 0,079 0,106
36 0,014 | 0,011 | 0,013 | 0,016 | 0,015 | 0,019 | 0,020 | 0,017 | 0,022 0,036
37 0,025 | 0,015 | 0,033 | 0,034 | 0,041 | 0,055 | 0,051 | 0,040 | 0,068 0,091
38 0,013 | 0,011 | 0,012 | 0,013 | 0,013 | 0,016 | 0,019 | 0,015 | 0,019 0,027
39 0,018 | 0,016 | 0,016 | 0,016 | 0,015 | 0,018 | 0,023 | 0,022 | 0,023 0,026
40 0,013 | 0,011 | 0,015 | 0,013 | 0,012 | 0,015 | 0,020 | 0,021 | 0,019 0,020
Higher frequencies(for reference)
Active power | 10 20 30 40 50 60 70 80 90 100
P/Pn[%]
Frequency | [%] | [%] | [%] | [%] | [%] | [%] | [%] | [%] | [%] | [%]
[kHZz]
2,1 0,064 | 0,043 | 0,056 | 0,058 | 0,063| 0,079 | 0,089 | 0,095 | 0,092 0,106
2,3 0,066 | 0,047 | 0,055| 0,050 | 0,046 | 0,056 | 0,063 | 0,073 | 0,088 0,074
2,5 0,070 | 0,047 | 0,055| 0,047 | 0,044 | 0,054 | 0,059 | 0,062 | 0,072 0,074
2,7 0,084 | 0,058 | 0,066 | 0,053 | 0,049 | 0,060 | 0,075| 0,073 | 0,072 0,083
2,9 0,067 | 0,041| 0,047 | 0,041 | 0,037 | 0,046 | 0,050| 0,053 | 0,065 0,064
3,1 0,059 | 0,040| 0,050| 0,040 | 0,033 | 0,037 | 0,043 | 0,050 | 0,060 0,050
3,3 0,052 | 0,037| 0,050| 0,040 | 0,032 | 0,035| 0,043 | 0,050 | 0,055 0,056
3,5 0,045 | 0,037 | 0,038| 0,037 | 0,031 | 0,035| 0,040 | 0,036 | 0,041 0,052
3,7 0,041 | 0,037| 0,038| 0,035| 0,029 | 0,035| 0,034 | 0,033 | 0,043 0,050
3,9 0,030 | 0,041| 0,035| 0,030 | 0,030 | 0,031 | 0,037 | 0,044 | 0,041 0,042
4,1 0,029 | 0,035| 0,033| 0,031 | 0,031 | 0,038| 0,040 | 0,029 | 0,031 0,033
4,3 0,025 | 0,027 | 0,032 | 0,032 | 0,026 | 0,028 | 0,028 | 0,028 | 0,029 0,029
4,5 0,025 | 0,027 | 0,028 | 0,027 | 0,025| 0,027 | 0,027 | 0,026 | 0,028 0,029
4.7 0,024 | 0,025| 0,025| 0,026 | 0,025 | 0,025 | 0,026 | 0,026 | 0,027 0,027
4,9 0,024 | 0,025| 0,025| 0,026 | 0,025 | 0,025 | 0,025 | 0,025 | 0,026 0,027
51 0,024 | 0,024 | 0,024 | 0,026 | 0,025 | 0,026 | 0,027 | 0,028 | 0,029 0,030
5,3 0,024 | 0,024 | 0,024 | 0,025 | 0,024 | 0,025| 0,025| 0,025 | 0,026 0,028
55 0,024 | 0,024 | 0,024 | 0,025 | 0,024 | 0,025| 0,025| 0,025 | 0,025 0,025
5,7 0,024 | 0,024 | 0,024 | 0,025 | 0,025| 0,026 | 0,026 | 0,026 | 0,027 0,028
5,9 0,024 | 0,024 | 0,024 | 0,024 | 0,024 | 0,025 | 0,024 | 0,025 | 0,025 0,025
6,1 0,024 | 0,024 | 0,024 | 0,024 | 0,025| 0,025 | 0,025 | 0,025 | 0,025 0,025
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6,3 0,024 | 0,024 | 0,025| 0,025| 0,026 | 0,025| 0,025| 0,025| 0,026 0,026
6,5 0,024 | 0,024 | 0,025| 0,025| 0,026 | 0,025 | 0,026 | 0,026 | 0,026 0,026
6,7 0,024 | 0,024 | 0,024| 0,024 | 0,025| 0,025| 0,025| 0,025| 0,025 0,025
6,9 0,024 | 0,024 | 0,024| 0,024 | 0,025| 0,025| 0,025| 0,024 | 0,025 0,025
7,1 0,024 | 0,024 | 0,025| 0,025| 0,025| 0,025| 0,025| 0,025| 0,025 0,025
7,3 0,024 | 0,024 | 0,025| 0,025| 0,025| 0,025| 0,025| 0,025| 0,025 0,025
7,5 0,024 | 0,024 | 0,024 | 0,024 | 0,024 | 0,025| 0,024 | 0,024 | 0,024 0,024
7,7 0,024 | 0,024 | 0,024 | 0,024 | 0,024 | 0,025| 0,024 | 0,024 | 0,024 0,024
7,9 0,024 | 0,024 | 0,024 | 0,024 | 0,024 | 0,024 | 0,024 | 0,024 | 0,024 0,024
8,1 0,024 | 0,024 | 0,024 | 0,024 | 0,024 | 0,025| 0,024 | 0,024 | 0,024 0,024
8,3 0,024 | 0,024 | 0,024 | 0,024 | 0,024 | 0,024 | 0,024 | 0,024 | 0,024 0,024
8,5 0,024 | 0,024 | 0,024 | 0,024 | 0,024 | 0,024 | 0,024 | 0,024 | 0,024 0,024
8,7 0,024 | 0,024 | 0,024| 0,024 | 0,025| 0,024 | 0,025| 0,024 | 0,025 0,025
8,9 0,024 | 0,024 | 0,024 0,024 ]| 0,025| 0,024 | 0,025| 0,025| 0,025 0,025

Inter-harmonics(for reference)
Active power | 10 20 30 40 50 60 70 80 90 100
P/Pn[%]
Frequency | | [%] | [%] | [%] | [%] | [%] | [%] | [%] | [%%] | [%%] | [%%]

[Hz]

75 0,045 | 0,047 | 0,049| 0,051 | 0,052 | 0,054| 0,056 | 0,059 | 0,060 0,061
125 0,035| 0,036| 0,035| 0,038| 0,036 | 0,036 | 0,036 | 0,037 | 0,036 0,035
175 0,030 | 0,029 | 0,028 | 0,029 | 0,029 | 0,028 | 0,028 | 0,030 | 0,029 0,027
225 0,027 | 0,025| 0,025| 0,026 | 0,026 | 0,027 | 0,027 | 0,030 | 0,027 0,026
275 0,025 | 0,024 | 0,024| 0,025| 0,025| 0,025| 0,026 | 0,028 | 0,026 0,025
325 0,024 | 0,023 | 0,023 | 0,024 | 0,024 | 0,025| 0,025| 0,027 | 0,026 0,025
375 0,023 | 0,022 | 0,023| 0,023 | 0,024 | 0,025| 0,025| 0,027 | 0,026 0,025
425 0,023 | 0,022 | 0,022 | 0,023 | 0,024 | 0,025| 0,025| 0,027 | 0,026 0,024
475 0,022 | 0,021 | 0,022 | 0,022 | 0,023 | 0,024 | 0,024 | 0,026 | 0,026 0,024
525 0,022 | 0,020| 0,021 | 0,022 | 0,022 | 0,023 | 0,024 | 0,027 | 0,026 0,024
575 0,021 | 0,019| 0,020| 0,021 | 0,022 | 0,023 | 0,024 | 0,026 | 0,026 0,024
625 0,021 | 0,019| 0,020| 0,020 | 0,022 | 0,023 | 0,024 | 0,025| 0,027 0,025
675 0,020 | 0,018| 0,019| 0,020 | 0,022 | 0,023 | 0,024 | 0,025| 0,027 0,025
725 0,022 | 0,022 | 0,022 | 0,024 | 0,025| 0,027 | 0,028 | 0,030 | 0,031 0,028
775 0,020 | 0,020 | 0,021 | 0,022 | 0,024 | 0,025| 0,026 | 0,027 | 0,030 0,029
825 0,021 | 0,021 | 0,021 | 0,022 | 0,024 | 0,026 | 0,028 | 0,030 | 0,032 0,028
875 0,017 | 0,016 | 0,017| 0,018 | 0,019 | 0,021 | 0,023 | 0,024 | 0,029 0,026
925 0,016 | 0,016 | 0,017| 0,018| 0,019 | 0,021 | 0,023 | 0,024 | 0,030 0,025
975 0,016 | 0,016 | 0,019| 0,018| 0,019 | 0,021 | 0,023 | 0,024 | 0,030 0,026
1025 0,017 | 0,019| 0,026 | 0,021 | 0,019 | 0,021 | 0,022 | 0,029 | 0,034 0,026
1075 0,016 | 0,022 | 0,036| 0,039 | 0,018 | 0,020 | 0,022 | 0,027 | 0,028 0,026
1125 0,016 | 0,021 | 0,034| 0,035| 0,018| 0,020 | 0,022 | 0,032 | 0,031 0,026
1175 0,018 | 0,022 | 0,041| 0,049 | 0,022 | 0,024 | 0,024 | 0,027 | 0,025 0,027
1225 0,020 | 0,024 | 0,024 0,032 | 0,030| 0,049 | 0,025| 0,026 | 0,025 0,027
1275 0,021 | 0,022 | 0,023| 0,028 | 0,036 | 0,036 | 0,045| 0,023| 0,025 0,027
1325 0,020 | 0,026 | 0,015 0,017 | 0,049 | 0,049 | 0,049 | 0,022 | 0,026 0,027
1375 0,017 | 0,026 | 0,015| 0,016 | 0,034 | 0,031| 0,063| 0,025| 0,025 0,028
1425 0,018 | 0,025| 0,015| 0,016 | 0,037 | 0,022 | 0,047 | 0,047 | 0,025 0,028
1475 0,017 | 0,024| 0,014| 0,015| 0,022 | 0,023 | 0,043 | 0,046 | 0,025 0,027
1525 0,017 | 0,023| 0,014| 0,015| 0,021 | 0,025| 0,021 | 0,051| 0,107 0,029
1575 0,018 | 0,019| 0,014| 0,015| 0,021 | 0,028 | 0,022 | 0,044 | 0,028 0,043
1625 0,018 | 0,018| 0,022 | 0,016 | 0,018 | 0,029 | 0,022 | 0,025| 0,108 0,041
1675 0,021 | 0,015| 0,015 0,018 | 0,017 | 0,028 | 0,024 | 0,022 | 0,026 0,053
1725 0,021 | 0,016 | 0,021 | 0,019| 0,015| 0,027 | 0,026 | 0,022 | 0,024 0,049
1775 0,020 | 0,016 | 0,014| 0,021 | 0,015| 0,021 | 0,027 | 0,022 | 0,024 0,046
1825 0,020 | 0,016 | 0,013 0,019 | 0,016 | 0,021 | 0,031 | 0,023| 0,025 0,042
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1875 0021, 0,016 | 0,013| 0,019, 0,017 | 0,023 | 0,028 | 0,022 | 0,024 0,037
1925 0,020 0,015| 0,014 | 0,018 0,018 | 0,022 | 0,029 | 0,023 | 0,024 0,033
1975 0,020 0,016 | 0,016 0,017, 0,019 | 0,023 | 0,030 | 0,025| 0,024 0,029

Note: The harmonic values are maximum values from all phases.

Remark: The harmonic / inter-harmonics / higher frequencies values are maximum values from all phases.

5.24 TABLE: Harmonics and inter-harmonics — SUN2000-33KTL-A P

Testing method:
a) Power generation units and storage units (single devices) with a rated current < 75 A:
— for single devices with a rated current < 16 A per conductor according to DIN EN 61000-3-2
(VDE 838-2);
— for single devices with a rated current > 16 A and < 75 A per conductor according to DIN EN 61000-
3-12:2012-06 (VDE 0838-12).
b) Power generation units and storage units (single devices) with a rated current > 75 A:
Power generation units and storage units (single units) with a rated current > 75 A are to be evaluated
according to Table 1 in VDE AR-N 4100: 2019-04, Chapter 5.4.2.2.2.

The harmonic currents must be measured in accordance with DIN EN 61000-4-7 (VDE 0847-4-7).

The interharmonics currents up to 2 kHz are to be measured according to DIN EN 61000-4-7
(VDE 0847-4-7): 2009-12, Annex A.(type 1) The measurement of the hgiher harmonic between 2 kHz
and 9 kHz must be performed in accordance with DIN EN 61000-4-7 (VDE 0847-4-7): 2009-12, Annex

B.
The measurement may be performed on a test voltage source of any impedance.

The harmonic currents, the interharmonic currents and the higher harmonic currents are determined for
each 10% active power bin.

Harmonics (IEC 61000-3-12, >16 Aand <75 A)

Harmonic
Description | Harmonic Current % = 100In/11 Cgrren.t
Distortion
Factors (%)
Harmonic: I I3 la Is le I7 Is lo l10 l11 l12 liz | THD | PWHD
Limit: 8,0 - 40 | 10,7 | 2,7 7,2 2,0 - 1,6 3,1 1,3 2,0 13 22
Actual
Value 0,137|0,201|0,122|0,617| 0,031 (0,309 | 0,141 (0,089 |0,141|0,612|0,089| 0,555 | 1,479 | 4,563

Note: Max. value of three phase harmonic recorded.

Harmonics (for reference)

Active power | 10 20 30 40 50 60 70 80 90 100
P/Pn[%]
Ordinal I[%] [1[%] [1[% [1[%] [1[%] [1[%] [1[%] [1[%] |1[%] |1[%]
number
2 0,141 | o,116| 0,218| 0,105| 0,211 0,115| 0,221 | 0,113| 0,113 0,137
3 0,183 | 0,193 | 0,227 | 0,207 | 0,293 | 0,195| 0,188 | 0,196 | 0,203 0,201
4 0,159 | 0,122 | 0,144 | 0,134 | 0,220| 0,119 | 0,216 | 0,118 | 0,119 0,122
5 0,789 | 0973| 0563 | 0435| 0418 | 0471| 0,502 | 0,553 | 0,593 0,617
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6 0,044 | 0,033 | 0,043| 0,089 | 0,031| 0,032| 0,029 | 0,030 | 0,029 0,031
7 0,409 | 0,903 | 0,805| 0,713 | 0548 | 0439| 0,351 | 0,314 | 0,297 0,309
8 0,076 | 0,078 | 0,083 | 0,112 | 0,215| 0,094 | 0,095| 0,099 | 0,102 0,141
9 0,061| 0,056 | 0,084| 0,092 | 0,102 | 0,099 | 0,063 | 0,062 | 0,059 0,089
10 0,080| 0,098 | 0,103 | 0,111 | 0,227 | 0,141| 0,203 | 0,102 | 0,100 0,141
11 0,428 | 0,219 | 0,111| 0,381 | 0512| 0,569 | 0,593 | 0,594 | 0,618 0,612
12 0,022 | 0,024 | 0,023 | 0,036 | 0,026 | 0,083| 0,035| 0,041| 0,036 0,089
13 0,308 | 0,223 | 0,106 | 0,270 | 0,402 | 0,465| 0,510 | 0,522 | 0,553 0,555
14 0,039 | 0,044 | 0,043| 0,053 | 0,053| 0,051 | 0,056| 0,064 | 0,062 0,065
15 0,031 | 0,041 | 0,036| 0,047 | 0,047 | 0,046 | 0,051 | 0,054 | 0,054 0,056
16 0,048 | 0,052 | 0,049| 0,050 | 0,065| 0,058 | 0,058 | 0,059 | 0,059 0,069
17 0,149 | 0,156 | 0,130 | 0,104 | 0,246 | 0,334 | 0,379 | 0,403 | 0,417 0,423
18 0,023 | 0,026 | 0,028| 0,024 | 0,042 | 0,026 | 0,028 | 0,031 | 0,030 0,052
19 0,137 | 0,117 | 0,458 | 0,169 | 0,200 | 0,311 | 0,394 | 0,462 | 0,512 0,552
20 0,028 | 0,027 | 0,028| 0,032 | 0,039 | 0,037 | 0,033| 0,036 | 0,036 0,055
21 0,039 | 0,038| 0,044 | 0,036 | 0,035| 0,068| 0,0561| 0,0563| 0,050 0,059
22 0,029 | 0,021 | 0,024 | 0,030 | 0,025| 0,042 | 0,041 | 0,031| 0,033 0,079
23 0,100 | 0,054 | 0,078 | 0,080 | 0,072 | 0,141 | 0,185 | 0,209 | 0,230 0,232
24 0,016 | 0,017 | 0,018| 0,023 | 0,024 | 0,028 | 0,044 | 0,121 | 0,047 0,067
25 0,074 | 0,086 | 0,078| 0,195| 0,149 | 0,181 | 0,257 | 0,323 | 0,379 0,415
26 0,022 | 0,021 | 0,022 | 0,021 | 0,029 | 0,032| 0,036 | 0,119 | 0,050 0,039
27 0,034 | 0,035| 0,037 | 0,034| 0,030| 0,041| 0,052 | 0,073| 0,072 0,055
28 0,022 | 0,021 | 0,022 | 0,021 | 0,022 | 0,030 | 0,025| 0,026 | 0,027 0,034
29 0,124 | 0,124 | 0,088 | 0,048 | 0,051 | 0,061 | 0,201 | 0,137 | 0,162 0,173
30 0,012 | 0,013 | 0,014| 0,015| 0,016 | 0,016 | 0,017 | 0,019 | 0,020 0,022
31 0,116 | 0,150 | 0,135| 0,126 | 0,142 | 0,111 | 0,140 | 0,194 | 0,240 0,277
32 0,020 | 0,018 | 0,022 | 0,018 | 0,022 | 0,023 | 0,022 | 0,023 | 0,025 0,027
33 0,030 | 0,031| 0,029 | 0,030 | 0,025| 0,030 | 0,034 | 0,037 | 0,037 0,040
34 0,019 | 0,019| 0,022 | 0,022 | 0,019| 0,021 | 0,023 | 0,025 | 0,025 0,027
35 0,080 | 0,072 | 0,067 | 0,038 | 0,055| 0,036 | 0,058| 0,096 | 0,133 0,162
36 0,011 | 0,020| 0,020| 0,014 | 0,015| 0,015| 0,019 | 0,018 | 0,020 0,022
37 0,130 | 0,105| 0,111 | 0,094 | 0,238 | 0,119 | 0,106 | 0,134 | 0,170 0,205
38 0,021 | 0,024 | 0,026 | 0,022 | 0,023 | 0,025 | 0,026 | 0,026 | 0,028 0,029
39 0,026 | 0,025 | 0,028 | 0,024 | 0,030 | 0,029 | 0,026 | 0,029 | 0,030 0,033
40 0,019 | 0,025| 0,026 | 0,023 | 0,022 | 0,022 | 0,025| 0,027 | 0,028 0,029
Higher frequencies(for reference)
Active power | 10 20 30 40 50 60 70 80 90 100
P/Pn[%]
Frequency | [%] | [%] | [%] | [%] | [%] | [%] | [%] | [%] | [%] | [%]
[kHZz]
2,1 0,125 | 0,183 | 0,148 | 0,150 | 0,168 | 0,164 | 0,147 | 0,167 | 0,204 0,240
2,3 0,106 | 0,120 | 0,225| 0,121 | 0,231 | 0,130 | 0,116 | 0,121 | 0,137 0,155
2,5 0,067 | 0,090| 0,216 | 0,135 | 0,247 | 0,175| 0,169 | 0,164 | 0,168 0,174
2,7 0,101 | 0,124 | 0,225| 0,146 | 0,166 | 0,199 | 0,197 | 0,179 | 0,177 0,197
2,9 0,079 | 0,068 | 0,085| 0,109 | 0,236 | 0,158 | 0,185 | 0,182 | 0,170 0,153
3,1 0,059 | 0,067 | 0,071| 0,064 | 0,066 | 0,073 | 0,091 | 0,107 | 0,115 0,120
3,3 0,064 | 0,083| 0,082 | 0,101 | 0,111 | 0,123 | 0,143 | 0,167 | 0,174 0,168
3,5 0,051 | 0,070 | 0,079 | 0,074 | 0,084 | 0,097 | 0,107 | 0,129 | 0,150 0,161
3,7 0,046 | 0,070 | 0,075| 0,075| 0,071 | 0,070 | 0,073 | 0,076 | 0,077 0,086
3,9 0,043 | 0,054 | 0,059 | 0,066 | 0,079 | 0,079 | 0,084 | 0,093 | 0,114 0,133
4,1 0,039 | 0,045| 0,050| 0,049 | 0,054 | 0,067 | 0,062 | 0,066 | 0,071 0,088
4,3 0,037 | 0,039 | 0,041 | 0,042 | 0,048 | 0,049 | 0,048 | 0,049 | 0,057 0,068
4,5 0,036 | 0,041 | 0,044 | 0,039 | 0,044 | 0,048| 0,050| 0,051| 0,050 0,054
4.7 0,034 | 0,035| 0,036 | 0,035 | 0,038| 0,039 | 0,041 | 0,044 | 0,044 0,045
4,9 0,034 | 0,036 | 0,037 | 0,035| 0,036 | 0,038| 0,038 | 0,040 | 0,040 0,040
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51 0,034 | 0,036| 0,037 0,035| 0,035| 0,036 | 0,037 | 0,040| 0,041 0,041
53 0,033 | 0,034| 0,034| 0,034| 0,033| 0,035| 0,034| 0,035| 0,036 0,036
55 0,033 | 0,034| 0,034| 0,034| 0,034| 0,035| 0,034| 0,035| 0,036 0,037
57 0,033 | 0,033| 0,034| 0,035| 0,036 | 0,035| 0,034 | 0,035| 0,036 0,036
59 0,033 | 0,033| 0,033| 0,033| 0,033 | 0,033 | 0,033| 0,033| 0,034 0,034
6,1 0,032 | 0,033| 0,033| 0,033| 0,033| 0,034| 0,033| 0,033| 0,034 0,034
6,3 0,033 | 0,033| 0,033| 0,033| 0,033 | 0,034| 0,034| 0,034| 0,035 0,035
6,5 0,033 | 0,034| 0,035| 0,035| 0,035| 0,035| 0,036 | 0,035| 0,036 0,036
6,7 0,032 | 0,032| 0,032| 0,032 0,033| 0,034| 0,034| 0,033| 0,033 0,034
6,9 0,032 | 0,032| 0,032| 0,032 0,033 | 0,033| 0,033| 0,033| 0,033 0,033
7,1 0,033 | 0,033| 0,033| 0,033| 0,033| 0,034 | 0,034| 0,034 0,034 0,034
7,3 0,033 | 0,033| 0,033| 0,033| 0,033 | 0,033| 0,033| 0,034| 0,033 0,033
7,5 0,032 | 0,032| 0,032| 0,032 | 0,032| 0,033| 0,033| 0,033| 0,033 0,033
7,7 0,032 | 0,032| 0,032| 0,032 | 0,032| 0,032| 0,033| 0,033| 0,033 0,033
7,9 0,032 | 0,032| 0,032| 0,032 | 0,033| 0,033| 0,033| 0,033| 0,033 0,032
8,1 0,032 | 0,032| 0,032| 0,032 | 0,032| 0,032| 0,033| 0,033| 0,033 0,033
8,3 0,032 | 0,032| 0,032| 0,032 | 0,032| 0,032| 0,033| 0,032| 0,033 0,032
8,5 0,032 | 0,032| 0,032| 0,032 0,032| 0,032| 0,033| 0,032| 0,033 0,032
8,7 0,032 | 0,032| 0,033| 0,032 | 0,032| 0,032 | 0,033| 0,033| 0,033 0,033
8,9 0,032 | 0,032| 0,032| 0,032 0,032| 0,032| 0,033| 0,033| 0,033 0,033

Inter-harmonics(for reference)
Active power | 10 20 30 40 50 60 70 80 90 100
P/Pn[%]
Frequency | | [%] | [%] | [%] | [%] | [%] | [%] | [%] | [%%] | [%%] | [%%]

[Hz]

75 0,208 | 0,245| 0,113 | 0,059 | 0,056| 0,055| 0,058 | 0,056 | 0,056 0,054
125 0,067 | 0,226 | 0,146 | 0,048 | 0,047 | 0,046 | 0,045| 0,046 | 0,045 0,044
175 0,191 | 0,226 | 0,117 | 0,079 | 0,046 | 0,046 | 0,045| 0,046 | 0,045 0,045
225 0,093 | 0,069| 0,115| 0,095| 0,054 | 0,054 | 0,054 | 0,055| 0,053 0,054
275 0,071 | 0,048| 0,084| 0,135| 0,047 | 0,049 | 0,047 | 0,049 | 0,047 0,048
325 0,073 | 0,041 | 0,063| 0,123 | 0,082 | 0,042 | 0,043 | 0,043 | 0,041 0,045
375 0,050 | 0,043| 0,064| 0,105| 0,109 | 0,046 | 0,050 | 0,054 | 0,051 0,120
425 0,047 | 0,045| 0,058| 0,096 | 0,172 | 0,069 | 0,050 | 0,051 | 0,050 0,139
475 0,044 | 0,041 | 0,054| 0,057 | 0,110| 0,124 | 0,046 | 0,047 | 0,047 0,152
525 0,036 | 0,034| 0,037| 0,060| 0,124 | 0,141 | 0,213 | 0,048 | 0,064 0,222
575 0,037 | 0,040 | 0,041| 0,064 | 0,044 | 0,125| 0,184 | 0,293 | 0,235 0,102
625 0,036 | 0,039| 0,040| 0,067 | 0,042 | 0,121 | 0,217 | 0,057 | 0,071 0,221
675 0,035| 0,036| 0,037| 0,067 | 0,040| 0,041 | 0,279 | 0,289 | 0,230 0,050
725 0,029 | 0,033| 0,033| 0,060 0,051 | 0,036 | 0,038| 0,045| 0,043 0,043
775 0,031| 0,032| 0,033| 0,061 | 0,048 | 0,037 | 0,038| 0,042 | 0,041 0,057
825 0,028 | 0,029 | 0,030| 0,031 | 0,064 | 0,035| 0,039 | 0,040| 0,041 0,061
875 0,025 | 0,056 | 0,043| 0,030 | 0,061 | 0,034 | 0,039 | 0,042 | 0,042 0,075
925 0,038 | 0,030| 0,038| 0,031 | 0,058| 0,047 | 0,036 | 0,038| 0,038 0,078
975 0,033 | 0,065| 0,046 | 0,031 | 0,046 | 0,048 | 0,036 | 0,037 | 0,037 0,075
1025 0,039 | 0,028| 0,038| 0,037 | 0,044 | 0,063| 0,035| 0,037 | 0,038 0,060
1075 0,031| 0,025| 0,031| 0,037 | 0,027 | 0,076 | 0,031 | 0,032| 0,033 0,068
1125 0,026 | 0,027 | 0,029 | 0,041| 0,039 | 0,051 | 0,057 | 0,037 | 0,050 0,082
1175 0,022 | 0,025| 0,026 | 0,033 | 0,037 | 0,059 | 0,088| 0,046 | 0,106 0,068
1225 0,029 | 0,031| 0,031| 0,037 | 0,046 | 0,041 | 0,061 | 0,057 | 0,056 0,067
1275 0,027 | 0,029| 0,031| 0,030 | 0,041 | 0,048 | 0,088| 0,052 | 0,108 0,064
1325 0,030 | 0,031| 0,033| 0,032 | 0,041| 0,041 | 0,060 | 0,057 | 0,052 0,082
1375 0,024 | 0,026 | 0,029 | 0,028 | 0,031 | 0,044 | 0,034| 0,038| 0,039 0,058
1425 0,023 | 0,025| 0,028 | 0,027 | 0,031 | 0,032 | 0,054 | 0,037 | 0,045 0,078
1475 0,019 | 0,021 | 0,021 | 0,022 | 0,024 | 0,025| 0,027 | 0,031| 0,032 0,034
1525 0,021 | 0,023| 0,024 | 0,024 | 0,026 | 0,029 | 0,030 | 0,031 0,034 0,037
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1575 0,018, 0,019| 0,021 | 0,020 | 0,023 | 0,025| 0,026 | 0,028 | 0,030 0,032
1625 0,019, 0021 | 0,022 | 0,022 | 0,024 | 0,027 | 0,027 | 0,029 | 0,031 0,035
1675 0,018| 0,020 | 0,021 | 0,021 | 0,022 | 0,026 | 0,026 | 0,027 | 0,028 0,036
1725 0,018| 0,019| 0,021 | 0,021 | 0,023 | 0,025| 0,027 | 0,027 | 0,030 0,034
1775 0,017 | 0,027 | 0,022 | 0,022 | 0,023 | 0,024 | 0,029 | 0,028 | 0,032 0,036
1825 0,017 | 0,027 | 0,026 | 0,021 | 0,023 | 0,023 | 0,029 | 0,037 | 0,034 0,031
1875 0,023 | 0,026 | 0,026 | 0,023 | 0,025| 0,025| 0,029 | 0,029 | 0,033 0,034
1925 0,021 | 0,024 | 0,027 | 0,021 | 0,022 | 0,023 | 0,027 | 0,036 | 0,032 0,031
1975 0,025| 0,021 | 0,028 | 0,024 | 0,025| 0,027 | 0,028 | 0,030 | 0,032 0,035

Note: The harmonic values are maximum values from all phases.

Remark: The harmonic / inter-harmonics / higher frequencies values are maximum values from all phases.

5.2.6 Table: DC current feed-into network — SUN2000-36KTL P

Testing method:

The inverter is operated within the control range of the PGU in the following operating points, whereby for
each operating point after reaching a stable operating temperature for at least 5 minutes, the DC
components of the grid currents are recorded in all external conductors. According to VDE-AR-N
4100:2019-04, the measurement of direct currents is based on DIN EN 61000-4-7 (VDE 0847-4-7) over 10
fundamental periods

Operating points:

) between 30 % Sg,,, and 40 % Sg,ax
I between 60 % Sg,,, and 70 % Sg,ax
1)) > 95 % Sgphax

Voltage [V] Current [A] DC current [% of Ir] Limit
[%]

Test conditions
L1 L2 L3 L1 L2 L3 L1 L2 L3

Between 30 % Semax

and 40 % Sermax 231,5 | 230,0 | 230,0 | 20,30 | 20,18 | 20,32 | 0,087 | 0,069 | 0,035 | 0,5

Between 60 % Semax

and 70 % Sermax 2319 | 230,4 | 230,4 | 37,61 | 37,44 | 37,61 | 0,087 | 0,069 | 0,069 | 0,5

> 95 % Semax 232,3 | 230,8 | 230,8 | 58,33 | 58,11 | 58,31 | 0,104 | 0,069 | 0,069 | 0,5

5.3.2.1 TABLE: Symmetry behavior of three-phase inverter units — SUN2000-36KTL P

Testing method:

The asymmetry is measured in terms of unbalanced load and is to be calculated for an operating point
characterized by power and cos ¢. For each of the 5 measurements (1-min mean values) at the respective
operating point, the absolute maximum deviation between the apparent powers of the three phases is
determined. From these 5 values, the maximum value is determined again. This maximum value must be
stated for the following operating points:

a) 100 % Rated power +5 % P4, COS @ =1,

b) 100 % Rated power £ 5 % Pg,,,, COS ¢ = 0,8 max. over excited,
c) 100 % Rated power £ 5 % Pg, 4 COS @ = 0,8 max. under-excited,;
d) 50 % Rated power £ 5 % Pg ., COS @ =1,

e) 50 % Rated power £ 5 % Pg,,,, C0S ¢ = 0,8 max. over excited;

f) 50 % Rated power £ 5 % Pg,,,, C0S ¢ = 0,8 max. under-excited.

TRF No. VDE-AR-N 4105:2018 Telephone : +86 20 3832 0668 Tl V SI D Certification and Testing (China) Co.,
Project No: 64.290.20.30220.01 Telefax : +86 20 3832 0478 Ltd. Guangzhou Branch, Tl V Sl D Group
Rev.: 00 5F, Communication Building, 163 Pingyun Rd,
Date: 2020-04-13 http://lwww.tuv-sud.cn Huangpu Ave. West, Guangzhou 510656, P. R.

Page: 29 of 165 China




The maximum unbalance under all condition: 152 VA Limit: 4,6 kVA
a) Number 1 2 3 4 5
L1 [VA] 12121 12110 12121 12120 12116
L2 [VA] 12006 12005 12018 12019 12013
L3 [VA] 12029 12041 12018 12017 12027
Calculation
|L1-L2| [VA] 115 105 103 101 103
|L2-L3| [VA] 23 36 0 2 14
[L3-L1] [VA] 92 69 103 103 89
Asy[r\'}x]e”y 115 105 103 103 103
Maximum asymmetry [VA] 115
b) Number 1 2 3 4 5
L1 [VA] 13451 13450 13449 13449 13449
L2 [VA] 13300 13298 13297 13297 13297
L3 [VA] 13337 13335 13333 13333 13334
Calculation
|L1-L2| [VA] 151 152 152 152 152
[L2-L3| [VA] 37 37 36 36 37
|L3-L1| [VA] 114 115 116 116 115
Asy[rw]ew 151 152 152 152 152
Maximum asymmetry [VA] 152
c) Number 1 2 3 4 5
L1 [VA] 13386 13385 13385 13384 13384
L2 [VA] 13258 13258 13258 13258 13257
L3 [VA] 13313 13313 13312 13312 13313
Calculation
[L1-L2| [VA] 128 127 127 126 127
|L2-L3]| [VA] 55 55 54 54 56
IL3-L1| [VA] 73 72 73 72 71
Asy[r{‘/%e“y 128 127 127 126 127
Maximum asymmetry [VA] 127
d) Number 1 2 3 4 5
L1 [VA] 6123 6132 6134 6138 6135
L2 [VA] 6060 6074 6072 6068 6070
L3 [VA] 6082 6086 6086 6087 6088
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Calculation

IL1-L2| [VA] 63 58 62 70 65
|L2-L3| [VA] 22 12 14 19 18
|L3-L1| [VA] 41 46 48 51 47
Asy[r\'}f]ew 63 58 62 70 65
Maximum asymmetry [VA] 70
e) Number 1 2 3 4 5
L1 [VA] 7630 7631 7631 7632 7631
L2 [VA] 7554 7551 7552 7552 7551
L3 [VA] 7552 7554 7554 7554 7554
Calculation
IL1-L2| [VA] 76 80 79 80 80
|L2-L3| [VA] 2 3 2 2 3
|L3-L1| [VA] 78 77 77 78 77
Asy[r\'}?]etry 78 80 79 80 80
Maximum asymmetry [VA] 80
f) Number 1 2 3 4 5
L1 [VA] 7572 7567 7568 7574 7570
L2 [VA] 7507 7512 7511 7510 7511
L3 [VA] 7527 7528 7528 7526 7528
Calculation
|L1-L2| [VA] 65 55 57 64 59
|L2-L3| [VA] 20 16 17 16 17
|L3-L1| [VA] 45 39 40 48 42
Asy[r\'}?]e”y 65 55 57 64 59

Maximum asymmetry [VA] 65

Supplementary information:

5.4.2 | TABLE: Measurement of the active and reactive power range — SUN2000-36KTL P

Test method:

The PGU is operated at all of the following operating points, with each operating point to be maintained for
at least 10 minutes after the transient has subsided. During sub-measurements a) to c) below, no power
limitation may occur due to the primary energy source. The measurements a) to c) are to be performed at
09U,09U, U, 1.05U, and 1.09 U, with a tolerance of + 2% U,,.

a) With cos ¢ = 1, the maximum avalaible active power at this operating point is adjusted.
b) At maximum under-excited operation, the maximum active power at this operating point is adjusted.
c) At maximum over-excited operation, the maximum avalaible active power at this operating point is

adjusted.
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Sgmax and Pe .. are determined by the largest measured value:

SEmax = Max (SEmax a)’ SEmax b)’ SEmax c))

PEmax = max (PEmax a)’ PEmax b)’ PEmax c))

Output
Test conditions Voltage [V] Current [A] Active Appar
ent Cos ¢
Power power Cos ¢ limit
LLN | LN LN | L | o2 | e | ] | O

e

Testa)1 | (900N | 2077|2073 | 207.4 | 584 | 581 | 583 | 363 | 363 | 1,00 | -
0s ¢ set=1
iy

Testa)2 | (900" | 2182|2185 | 2185 | 584 | 581 | 58,3 | 382 | 382 | 1,00 | -
0s ¢ set=1
e

Testa)3 | oo YN 12303 | 2208|2208 | 584 | 582 | 58,3 | 40,2 | 402 | 1,00 | -
0s ¢ set=1
— * .

Test a)-4 %‘105% VN | o413 | 2418 | 2418 | 55,8 | 55,6 | 55,7 | 40,4 | 40,4 | 1,00 | -
0s ¢ set=1
— * .

Testa)5 | oo ¥ | 2508 | 250,6 | 250,7 | 53,7 | 535 | 537 | 403 | 403 | 1,00 | -
0s ¢ set=1
V=90%*Vn,;

Testb)-1 | Cos ¢ set=0.9 | 207,6 | 207,3 | 207,3 | 58,4 | 58,2 | 58,4 | 32,7 | 36,3 | 0,90 | 0,9
under-excited
V=95%*Vn;

Testb)-2 | Cos ¢ set=0.9 | 218,6 | 218,3 | 218,3 | 58,4 | 58,2 | 58,4 | 34,4 | 382 | 0,90 | 0,9
under-excited
V=100%*Vn;

Testb)-3 | Cos ¢ set=0,9 | 2297 | 229.8 | 2208 | 58,0 | 57,8 | 58,0 | 36,0 | 39,9 | 0,90 | 0,9
under-excited
V=105%*Vn;

Testb)-4 | Cos ¢ set=0,9 | 241,8 | 241,2 | 241,3 | 55,2 | 55,0 | 55,2 | 36,0 | 39,9 | 0,90 | 0,9
under-excited
V=109%*Vn;

Testb)-5 | Cos ¢ set=0,9 | 250,8 | 250,6 | 250,7 | 53,1 | 52,9 | 53,1 | 36,0 | 39,9 | 0,90 | 0,9
under-excited
V=90%*Vn;

Testc)-1 | Cos @ set=0.9 | 207,5 | 207,2 | 207.2 | 58,3 | 58,0 | 58,2 | 32,6 | 36,2 | 0,90 | 0,9
over -excited
V=95%*Vn;

Testc)-2 | Cos ¢ set=0,9 | 218,6 | 218,2 | 218,2 | 58,3 | 58,1 | 58,2 | 34,3 | 38,1 | 0,90 | =0,9
over-excited
V=100%*Vn;

Test c)-3 | Cos ¢ set=0,9 | 230,6 | 230,1 | 230,1 | 58,0 | 57,7 | 57,9 | 36,0 | 40,0 | 0,90 | =0,9
over-excited
V=105%6*Vn;

Testc)-4 | Cos @ set=0,9 | 241,5 | 241,0 | 241,1 | 55,3 | 55,1 | 55,2 | 36,0 | 40,0 | 0,90 | 0,9
over-excited
V=109%*Vn;

Test c)-5 | Cos @ set= 0,9 | 250,5 | 250,9 | 250,9 | 53,2 | 53,0 | 53,1 | 35,9 | 40,0 | 0,90 | 0,9
over-excited

PEmax 40,4 kW SEmax 40,4 kVA
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54.3 TABLE: Active power reduction by setpoint specification — SUN2000-36KTL P

a) Measurement of adjustment precision

Test method:

For this test, the setpoint signal is reduced from 100% P g to 10% P, according to the following procedure:

a) For controllable PGU in steps of 10% PrE as per Fig. 3: After each change in the specified required
value, wait 1 min so the PGU can adjust to the new setpoint. The active power of PGU must then be
measured as 1-min-mean value.

b) For all other PGU in accordance with their adjustable levels. After each change in the setpoint,
wait 1 min so the PGU can adjust to the new setpoint. The active power of PGU must then be measured
as 1-min-mean value.

The test of the setpoint control of the active power must be performed according to the following procedure:

Setting value

P/Pn [p.u.] 1 0,9 0,8 0,7 0,6 0,5 0,4 0,3 0,2 0,1
{\{I(\(/e\zsured value 36,0 32,4 28,8 25,2 21,6 18,0 14,4 10,8 7,2 3,7

Measured value | 45 | 090 | 080 | 070 | 060 | 050 | 040 | 030 | 020 | 010

[p.u.]
Deviation [p.u.] 0 0 0 0 0 0 0 0 0 0
Limit [p.u.] +0,05|+005|+0,05|+0,05|+0,05|+0,05|+0,05| +£0,05 | £0,05 | £0,05

PGU disconnected form network? ] Yes | X No

b) Measurement of the power gradient

Test method:

The measurement of the power gradient follows:
— via a setpoint change from 100% to 5% of the rated effective power P at time t,. If the minimum

technical performance is > 5%, this must be predetermine.
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— via a setpoint change from 5% to 100% of the rated effective power P at the time t,. If the minimum

technical performance is > 5%, it is necessary to start with this.

In this test, the power gradient of the PGU (dP/dt) is determined continuously. To determine the power
gradient, a 10-second moving average of the active power is calculated, and the 10-second average must
be recalculated at least every second from the previous data. From the 10 s mean values, the active
power gradient is calculated from the difference of the 10 s mean value at time t1 and at time t1 + 10 s as

follows:

(AP/108)=(R -, y10s —R =)/10s

Max. Power gradient as calculated from the difference of the 10 s

Test sequence mean value at time t1 and at time t1 + 10 s [%Pn/s]

Limit of power
gradient [%Pn/s]

100%Pn to 5% Pn 0,488 = (0,33 and < 0,66
5%Pn to 100% Pn 0,517 = (0,33 and < 0,66
PGU disconnect from network? [1vYes | XINo
Diagram:
1) 100%P; to 5% P,
P[%]
11000
100.00
90.00
80.00
70.00
60.00
50.00
40.00
30.00
20.00
10.00
0.00
e s s e e R e e N s e el s s el e N N el s N s s e e N s ]
suodominodangaedantnodantnodandnodany
Rl R R R =R =R R R e ol N A el ol el o= < W e« W v [ sl el o'« R Wy Wy W ey ey e e e e e}
EEEEEEEEEEEE RS EEE TR EEEEEEEEEEEE oD
Y IS S SIS TS S
A A A AT A A A A A A A A A A A A A A A A A A A A A
2) 5%P,to 100% Py
P[%]
11000 r
100.00
90.00
80.00
70.00
60.00
50.00
40.00
30.00
20.00
10.00
0.00
NN OO N NN OO OO nn i u
NedunFnodanTNodanInodontNodonInooonTne oo
CSCofdA A A NS NN NS ST S S LW WL W WD W0 D WD DD PP
e e e i i e et A A A s e A A s s e e A
NN OO OOOnununnnnOunnunnunnununnunnunununm;
e e ] e e e e e e e e e e ] e e e e e e e e e e e e ] e e e e e e e e e e e
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54.4

TABLE: Active power feed of PGU at overfrequency — SUN2000-36KTL

Test method:
The test is performed in two test runs, with the respectively specified adjustment parameters of the PGU:

In both tests, the following measuring points a) to j) must be approached with an accuracy of + 10 mHz.
The measuring points a) to h) and j) are to be approached at least for 60 s or until the maximum power has
been reached after a shutdown. The measuring point i) must be started for at least 10 min. The specified
initial active power must be maintained with a tolerance of = 5% Pemax. The deviation must be taken into
account during the evaluation.

Table 3 — Test sequence for test 1 of the active power supply of PGU at overfrequency

Test 1 Frequency [Hz] | Expected active power

Setting parameters of the PGU: output

P =100 % Py [% Pemay

Start of power reduction at 50,2 Hz

S =5 9% (40% Pyef /iy
a) 50,00 100
b) 50,25 98
c) 50,70 80
d) 51,40 52
e) 50,70 80
f) 50,25 98
9) 50,00 100
h) 51,65 0
i) 50,15 0
) 50,00 100

Table 4 — Test procedure for test 2 of the active power supply of PGU at overfrequency

Test 2 Frequency Expected active power | Expected active power
[Hz] output output
Setting parameters of the PGU:
gp (for Type 1 PGU) (for Type 2 PGU)
P=60%P The reduction of the prima
> Emax (- i i P v [% I:)Emax] [% I:)Emax]
energy supply to limit the active power output
or the limiting setting of the active power
output shall be abolished from the
measurement point c)
Note: If the minimum technical line is above
60% Pg,ax this should be taken into account
accordingly. In the case of non-controllable
PGU, the examination will be dropped.
Start of power reduction at 50,5 Hz
$ =12 % (16,67 % P g/ Hz)
a) 50,00 60 60
b) 50,40 60 60
c) 50,70 57 58
d) 51,40 45 51
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e) 50,70 57 58
f) 50,40 60 60
9) 50,00 100 100

The application of the alternative test method by adjusting the limit values must result in the same frequency

deviations.

During the tests, the frequency applied and / or simulated at the PGU and the active power must be recorded
as 200 ms moving average values. The active power available during the test must be proven.

At the measuring point j) of the first test, the power gradient (dP/dt) of the PGU must be determined
continuously. To determine the power gradient, a moving 1-min mean value of the active power is calculated,
wherein the 1-min mean value must be recalculated at least every second from the previous data. From the
1-min mean values, the active power gradient is calculated from the difference of the 1-min mean value at
time t1 and at time t1 + 1 min as follows:

(AP/1min) = (R _ t +1min ~ Rt = tl)/lmin

Here, t1 is the time from the beginning of the active power supply of the PGU after reconnection until the
end of the power limitation. The averaging starts at t1 - 1 min.

a) Testl
pc | Measure |a Expected | peviation |Initia |
No. Frequenc | available output percentag power AP/ time Respons Settllng
y [HZ] power power e of output [% PEmax |delay Ty |etime [s] |time [s]
[kw] kW] PEmax [%] Perad | %] [s]
Limit: -- - - - <+10 <2 <2 <20
a) 50,00 |40,9 40,2 100,4 100 0,4 - - -
b) | 50,25 [40,0 39,3 98,2 98 0,2 0 % Klgs % :\flgs
¢) | 5070 |[326 32,0 80,1 80 0.1 0 % res % ves
d | 51,40 |[21,2 20,8 52,0 52 0 0 % :\(lgs % :\(lgs
e) | 5070 [327 32,1 80,1 80 0.1 0 % res % ves
f) | 50,25 [40,0 39,3 98,2 98 0,2 0 % P\(IES % :\flgs
g) | 5000 [40,8 40,1 100,3 100 03 0 % P\(IES % P\(IES
h) 51,65 (O 0 0 0 0 - - -
iy | 5015 |0 0 0 0 0 ] ) ]
)] 50,00 (40,9 40,2 100,4 100 0,4 - - -
.
Reconnection time after j) 61s nggts = Power gradient after j) P?Errg1a5xl:0|n LIFOI&_
PEmax/min

f(P) VS (t) Diagram
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Active power response to over-frequency

P[%] ——F[Hz]
1100 r - 51.90
100.0 51.70
90.0 51.50
30.0 51.30
51.10
ég'g 50.90
' 50.70
20.0 50.50
40.0 50.30
30.0 1 50.10
20.0 1 49.90
10.0 + 4 49.70
0.0 49.50
T T T T T T N T T TN N T NN NN T
A g P Ayl = il L S A UL I e i
Power gradient after frequency recovery
—— P_moving average[%] Power gradient[%Pemax/min]
1100 r 4 11.0
100.0 10.0
90.0 4 9.0
80.0 4 80
70.0 4 7.0
60.0 41 6.0
50.0 4 5.0
40.0 41 40
30.0 4 3.0
20.0 41 20
10.0 4 1.0
0.0 — 00
0O 00 00 0O 0O 0O QO 00 00 00 00 00 00 00 W W W W W o o o
S Mo Mo ®moMmMeMenema Mo ne mae M
W W M~ M~ 0 W O Q9O QO = = &6~ s NN W W
2292 9 e 2 e o o oo oo oo o
L T o T ¥ o T o T o T o T ¥ o T o O o T o T o T o T o O o O o T o N T " I T I s ]
- = S S 4 4 4 4 4 4 4 4 4 4 4 o o o o o o
b) Test2
DC '(\jﬂggtsi\t;;e As Eét?veé:ted Deviation | Initial
No. |Frequenc |available | © - = | percentag power AP/ time Respons | Settling
"y [HZ] power povxF/)er e of output [% PEmax |delay Ty |etime [s] |time [s]
[kw] [KW] PEmax [%] Pemas] [%0] [s]
Limit: -- -- -- -- <+10 <2 <2 <20
a) 50,00 (24,4 24,0 60,1 60 0,1 - - -
b) 50,40 (24,4 24,0 60,1 60 0,1 - - -
X Yes | Yes
C) 50,70 (23,6 23,2 58,0 58 0 0 [] No [] No
The reduction of the primary energy supply to limit the active power output or the limiting setting of the
active power output shall be abolished from the measurement point c)
X Yes |IX Yes
d) 51,40 (20,7 20,3 50,8 51 -0,2 0 [] No [] No
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X Yes |IX Yes
e) 50,70 |23,6 23,2 58,0 58 0 0 ] No ] No
f) 50,40 (24,4 24,0 60,0 60 0 - - -
o)) 50,00 (40,9 40,3 100,7 100 0,7 - - -
Power gradient after g) 10,0 % Pemaxmin Limit: < 10% Pemaxmin

f(P) VS (t) Diagram

Active power response to over-frequency

P[%] —— F[Hz]

1100 4 5170
1000 | 51.50
90.0 | { 5130
80.0 | { 5110
700 | {1 50.90
60.0 { s0.70
500 | L | { s0.50
400 | { 5030
300 | {1 50.10
200 F 1 49.90
100 1 4970
0.0 49.50

A R A R R R R R R B T A R R

NN amMmoammmammommBamn®® e

et et Wt et it et Nt Bk et et ket Bt Bk it Bt Nkt it Wt et e

Power gradient after frequency recovery
——P_moving average[%)] Power gradient[%Pemax/min]

1100 . 110
100.0 10.0
90.0 9.0
80.0 8.0
70.0 7.0
60.0 6.0
50.0 50
40.0 40
30.0 3.0
20.0 2.0
10.0 1.0
0.0 0.0

15:34:01

15:34:31
15:35:01
15:35:31
15:36:01
15:36:31
15:37:01
15:37:31
15:38:01

15:38:31

5.4.6

TABLE: Active power feed of PGU at underfrequency — SUN2000-36KTL

Test method:

The test is performed in 2 test runs, with the specified active power output (before the frequency change) of
the PGU.

NOTE The beginning of the active power increase is given as 49.8Hz and the statics as s = 5% (40% P_ _ / Hz)

TRF No. VDE-AR-N 4105:2018
Project No: 64.290.20.30220.01
Rev.: 00

Date: 2020-04-13

Page: 38 of 165

Telephone : +86 20 3832 0668
Telefax : +86 20 3832 0478

TOV SUD Certification and Testing (China) Co.,
Ltd. Guangzhou Branch, TUV SUD Group

5F, Communication Building, 163 Pingyun Rd,
Huangpu Ave. West, Guangzhou 510656, P. R.
China

http://www.tuv-sud.cn




In both tests, the following measuring points a) to j) must be approached with an accuracy of £ 10 mHz.
The measuring points a) to h) and j) are to be approached for at least 60 s or until the maximum power is
reached after a disconnection. The measuring point i) must be started for at least 10 min. The specified
initial active power must be maintained with a tolerance of = 5% Pemax. The deviation must be taken into
account in the evaluation.

Table 7 — Test sequence for test 1 of the active power supply of PGU at underfrequency

Test 1 Frequency [Hz] | Expected active power
Setting parameters of PGU: output
[% PEmax]

P =10% Pgrax

Note: Testing is only valid for controllable PGU
a) 50,00 10
b) 49,75 12
c) 48,80 50
d) 47,60 98
e) 48,80 50
f) 49,75 12
9) 50,00 10
h) 47,35 0
i) 47,40 0
i 50,00 10

Table 8 — Test sequence for test 2 of the active power supply of PGU at underfrequency

Test 2 Frequency [Hz] | Expected active power

Setting parameters of PGU: output

P =60% Pgax % Pemaxd

Note: If the minimum technical

power is above 60% Pemax, this must be taken

into account accordingly. In the case of non-

controllable PGU, the test does not apply.
a) 50,00 60
b) 49,75 62
c) 48,80 100
d) 47,60 100
e) 48,80 100
f) 49,85 60
9) 50,00 60

The application of the alternative test method by adjusting the limit values must result in the same frequency
deviations.

During the tests, the frequency applied and / or simulated at the PGU and the active power must be recorded
as 200ms moving averages. The available active power output during the test must be demonstrated.

At the measuring point j) of the first test, the power gradient (dP/dt) of the PGU must be determined
continuously. To determine the power gradient, a moving 1-min mean value of the active power is calculated,
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whereby the 1-min mean value must be recalculated at least every second from the previous data. From the
1-min mean values, the active power gradient is calculated from the difference of the 1-min mean value at

operating point t; and at operating point t; + 1 min as follows:

(AP/1min) = (R _ t +1min ~ Rt = tl)/lmin

Here, t; is the time from the beginning of the active power supply of the PGU after reconnection until the

end of the power limitation. The averaging starts at t; - 1 min.

a) Testl
DC gﬂeats_ure As Eé(t?\f}ected Deviation | Initial
Frequenc | available |© "€ | percentag AP/ time Respons | Settling
No. output power i '
y [Hz] power nower e of output [% PEmax |delay Ty |etime [s] |time[s]
[kw] [KW] PEmax [%] Penad |12 [s]
Limit: -- -- - - <£10 =2 <2 =20
a) | 50,00 4,3 4,1 10,2 10 0,2 - - )
X Yves |KX Yes
b) | 4975 |51 4,8 12,1 12 01 0 OnNo  |ONo
X Yves |KX Yes
c) | 4880 [205 20,0 50,0 50 0 0 CONo | No
X ves [X Yes
d) | 47,60 [40,1 39,2 98,0 98 0 0 COno | No
X ves |X Yes
e) | 4880 [205 20,0 50,0 50 0 0 CONo | No
X ves [X Yes
f | 4975 |51 4,8 12,1 12 0,1 0 OnNo  |ONo
g) | 50,00 |43 4,1 10,2 10 0,2 - - -
hy | 47,35 |0 0 0 0 0 - - i
i) 47,40 |0 0 0 0 0 - - -
j) | 50,00 |43 4,1 10,2 10 0,2 - - -
Limit: <
P, 9,73 %
Reconnection time afterj) | 126s | -t Power gradient after j) ) : 10%
60s Emaximin | p o

f(P) VS (t) Diagram
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Active power response to under-frequency

P[%] ——F[Hz]
100 1 — { 49.80
ol ] 2%
80 ] :
1 49.20
ol | 2%
60 S R 5 -
4 48.60
ol [ [] ] 4850
40 1 :
1 48.00
30 F 1 47.80
) e ] 42
10— T 1 47220
0 47.00
LA OO~ 0000 MO e OO = LOLIWOWO M~ 000NN OO el N o0 S LAL oD M
T T T T T T T T T T T T TN NN IAAEAEn L
CoCooCooooooooo oo oo oo oD
[ [t [t [t i [t [t ot [V [ o it [t [ [t [ [ P ot i [t [ T [t [ [ ot [ [t ¥ [ o F ot [
b) Test2
DC (I;Aeat;ure As Eé(t?\?gted Deviation | Initial
No. | Frequenc | available ou?cl:\t/e percentag | \ver AP/ time Respons | Settling
" |y [HZ] power povt:/)er e of output [% PEmax [|delay Ty |etime[s] |time [s]
P 0
[kw] (kW] Emax (%] [P ] [%0] [s]
Limit: - -- - -- <+10 <2 <2 <20
a) 50,00 |24,6 24,0 60,0 60 0 - - -
X ves [[X Yes
b) 49,75 |25,4 24,8 62,0 62 0 0 [] No [] No
Yes Yes
C) 48,80 |40,9 40,0 100,0 100 0 0 % No % No
X ves |[[X Yes
d) 47,60 (40,9 40,0 100,0 100 0 0 [ No [] No
X vYes |[IX Yes
e) 48,80 |40,9 40,0 100,0 100 0 0 [ No [] No
f) 49,85 |(24,6 24,0 60,0 60 0 - - -
9) 50,00 |24,6 24,0 60,0 60 0 - - -
f(P) VS (t) Diagram
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Active power response to under-frequency

P[%] F[Hz]
1100 4 50.20
1000 f , r ] s90
00 | 1 8%
80.0 F 1 4920
eoo | ] 2880
—_— = .
60.0 { 4860
00 1 | 22
200 T { 2800
300 | 4 47.80
200 1 | 92
100 1 47.20
0.0 47.00
Moe™y A Y oA™Y Y AN Y AN N oA™Y Y A Ay Ay
QQ’L nga Q\m Q,\fa Q,Lm Q,;a Q,,;L Q,,;:gmg%& Q(,;a Q(om cha g,\f\, a9 chm Qq;) Qo;»
'D'“L\"Lm'1,’»m\’»\’m'\"i\’m“’m\”\?ﬂ,\'%’\m\m\m\%\’
5.4.8 TABLE: Static voltage support / reactive power supply — SUN2000-36KTL P

a) Tests of Reactive power / displacement factor adjustment accuracy

Test method:

The PGU is operated at all of the following operating points, whereby for each operating point after the
transient effect has ceased, the active power is recorded with 60 s averaging. During the following partial
measurements a) to h), no power limitation may occur due to the primary energy source. The measurements
shall be carried out at 0,9 U, U,, and 1,1 U,, with a tolerance of + 2% U

The restrictions of the voltage-dependent reactive power control ranges according to VDE-AR-N 4105: 2018-
11, Figure 2 - 4, must be taken into account.

For each of the measurements at different voltages, a different value between 40% Pg,,., and 60% Pg ..
is to be approached

For PGU type 2 - only inverter ZSemax< 4.6 kVA applies:

a) atcos ¢=0.95 overexcited and a second time at cos ¢ = 0.975 overexcited is measured at an active
power value between 40% Pg,,, and 60% Pg, .. and at Pg .,

b) at cos ¢ =0.95 underexcited and a second time at cos ¢ = 0.975 underexcited is measured at an
active power value between 40% Pg,., and 60% Pg., and at Pg .

For PGU Type 2 — only inverter Semax> 4,6 kVA applies:

c) atcos ¢=0.90 overexcited and a second time at cos ¢ = 0.95 overexcited is measured at an active
power value between 40% Pg,,,, and 60% P, .. and at Pz 4.

d) atcos ¢=0.90 underexcited and a second time at cos ¢ = 0.95 underexcited is measured at an active
power value between 40% Pg,,,, and 60% Pg, .. and at Pg 4.

For PGU Type 1 and for Type 2 system - Stirling generators and fuel cells - with ¥Semax< 4.6 kVA:

e) Without specification of the cos ¢ is measured at an active power value between 40% Pg,.,, and 60%
I:)Emax and SEmaX'

For PGU Type 1 as well as for Type 2 system with Stirling generators and fuel cells ZSemax > 4,6 kVA gilt:

f) atcoscos ¢ =0.95 overexcited and a second time at cos ¢ = 0.975 overexcited is measured at an
active power value between 40% Pg .., and 60% Pg.. and at Sg,..
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g) atunder-excited at cos ¢ = 0.95 and a second time at cos ¢ = 0.975 underexcited is measured at an
active power value between 40% P, and 60% P, and at S ...

For PGU type 2 - asynchronous generators, applies:

h) Without specification of the cos ¢is measured at Sg,,,. This test is only to be carried out at Un.

For clarity, the requirements of the tests are shown in Table 11. If it is not possible to start up the
aforementioned active power values due to the design, the potential active power values are to be
approached and measured.

The measured datas are recorded as 200 ms averages.
Table 11 — Overview of the requirements of 5.4.8.1

T Type 1 as well as type 2
yp 2-
Type 2 —only A synchronous generators,
: synchronous -~
inverter fuel cells and Stirling
generators
generators
2 SEmax < 4,6 kVA > 4,6 kVA Alle < 4,6 kVA > 4,6 kVA
P [kW] 40 % to 60 40 % to 60 Semax 40 % to 60 % 40 % to 60 %
% I:’Emax % PEmax PEmax and I:)Emax and
and SEmax and SEmax SEmax SEmax
Cos ¢ cos ¢ 0,95 cos ¢ 0,90 cos ¢ 0,95 under- between cos ¢ cos ¢ 0,95
over-excited | over-excited excited 0,95 over- over-excited
and under- and under- excited and and under-
excited excited cos ¢ 0,95 excited
under-excited
cos 90,975 | cos ¢ 0,95 cos ¢ 0,975
over-excited | over-excited over-excited
and under- and under- and under-
excited excited excited
Tolerance - + 0,02 - -
Cos ¢
Tolerance * 4%Pgmax - * 4%Pgax
Q [KVAR]
Min. possible step of cos ¢ setpoint: £0,01
Possible cos ¢ setpoint range: 0,8 lagging ... 0,8 leading
a-1) testeted @0,9Un
Ag@'é?ble Voltage [V] Q 0 1 aap Limit of
b Default cosg | [L1-N/L2- | P [KW] S[KVA] | Cos ¢ | @-theoret Ema | AQ/Pem
P/Pemax [kVAr] cal [kVAr] X [%]
N/L3-N] ax [%0]
(%]
cosg = 0,90 | 207,6/206, ) i
under-excited | 3/206,3 20,0 9,60 22,2 0,901 9,7 0,25 + 4%
cosp = 0,95 | 208,0/206, ) i o
a) 40% - |under-excited | 6/206,7 20,0 6,50 21,0 0,951 6.6 0.25 * 4%
60% (test
at 50%) |cosep =0,90 | 207,6/207,
over-excited 8/207.8 20,0 9,73 22,2 0,899 9,7 0,08 + 4%
cosp = 0,95 | 207,5/207,
over-excited 6/207.6 20,0 6,64 21,0 0,949 6,6 0,10 + 4%
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cosp = 0,90 | 207,6/207, ) i
under-excited | 2/207.3 32,6 15,7 36,2 0,901 15,7 0 + 4%
cosp = 0,95 | 207,3/207, ) i i
under-excited | 2/207,2 34,4 11,3 36,2 0,950 11,2 0,25 + 4%
b) 100%
cosg = 0,90 | 207,6/207,
over-excited 41207 4 33,0 16,0 36,6 0,900 15,7 0,75 + 4%
cosg = 0,95 | 207,4/207,
over-excited 3/207.4 34,7 11,5 36,6 0,950 11,2 0,75 + 4%
P VS Q Graphical representation
a-2) testeted @1,0Un
Available .
Voltage [V] _ Limit of
power | petault cosp | [LI-NA2- | PRW] | .2 . | S[kvA]| Cosq | Qtheoret | AQ/PEma| oo o
P/Pemax [kVAr] cal [kVAr] X [%]
N/L3-N] ax [%0]
[%]
cosg = 0,90 | 230,2/230, ) i
under-excited | 1/230.1 20,0 9,6 22,2 0,902 9,7 0,25 + 4%
cosp = 0,95 | 229,9/229, ) i o
a) 40% - |under-excited | 6/229,5 20,0 6.5 21,0 0,951 6.6 0,25 4%
60% (test
at 50%) |cose =0,90 | 230,8/230,
over-excited 3/229.3 20,0 9,8 22,3 0,899 9,7 0,25 + 4%
cosp = 0,95 | 230,5/230,
over-excited 0/229.9 20,0 6,7 21,1 0,949 6,6 0,25 + 4%
cosg = 0,90 | 230,7/230, ) i
under-excited | 1/230.1 36,0 17,4 40,0 0,901 17,4 0 4%
cosp = 0,95 | 230,7/230, ) i
b) 100% under-excited | 1/230.1 38,0 12,4 40,0 0,951 12,5 0,25 *+ 4%
cosg = 0,90 | 230,0/229,
over-excited 8/229.8 36,1 17,5 40,1 0,900 17,4 0,25 *+ 4%
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cosp = 0,95
over-excited

230,0/229,
8/229,8

38,1

12,6

40,1

0,950 12,5 0,25 + 4%

P VS Q Graphical representation

a-3) testeted @1,1Un

Available Voltage [V] Limit of
pPower | petault cosp | [LI-NL2- | PRW] | .2 . | S[kvA]| Cosq | Qtheoreti | AQ/PEma| noyp o
P/Pemax [kVAr] cal [kVAI'] X [%]
N/L3-N] ax [%0]

[%]

cosp = 0,90 | 253,8/253, ) i

under-excited | 1/253.2 20,0 9,6 22,2 0,902 9,7 0,25 + 4%

cosp = 0,95 | 253,1/253, ) i o
a) 40% - |under-excited | 4/253,5 20,0 6.5 21,0 0,951 6.6 025 4%
60% (test
at 50%) |cosp =0,90 | 253,6/253,

over-excited 3/253.3 20,0 9,8 22,3 0,899 9,7 0,25 + 4%

cosp = 0,95 | 253,3/253,

over-excited 6/253.7 20,0 6,7 21,1 0,949 6,6 0,25 + 4%

cosg = 0,90 | 253,9/253, ) i

under-excited | 2/253.2 36,0 17,3 40,0 0,901 17,4 0,25 + 4%

cosp = 0,95 | 253,3/253, ) i

under-excited | 2/253.3 38,0 12,4 40,0 0,951 12,5 0,25 + 4%
b) 100%

cosg = 0,90 | 253,5/253,

over-excited 8/253.9 36,0 17,5 40,1 0,900 17,4 0,25 +4%

cosp = 0,95 | 253,2/253,

over-excited 5/253.6 38,0 12,6 40,0 0,950 12,5 0,25 *+ 4%

P VS Q Graphical representation
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b) Test the displacement factor / active power characteristic curve cos ¢ (P)

Test method:
a) Test steps for guided PGU accuracy (characteristic curve)

a)
b)
c)
d)

e)

Adjust working point P < 20 % Pre or minimum technical power with activated cos ¢ (P) control.
Start measurement.
Set the active power setpoint to 100% PrEe, wait until the stationary end values for P and Q are set.

Set active power setpoint to P <20 % Pre or minimum technical power, wait until the stationary end
values for P and Q are set.

Stop measurement.

b) Test steps for guided PGU — dynamic
An examination of the PT1 behavior in transition dynamics defined in VDE-AR-N 4105: 2018-11 is not
necessary because of the required limits of the active power gradient.

c) Test steps for supply-dependent PGU accuracy (characteristic)

a)
b)

c)

d)

Adjust operating point P =2 99 % PrE with activated cos ¢ (P) control. Start measurement

Decrease DC power or primary energy in steps of < 30% PrE / min from = 99% PrE to <20% PrE,
wait until the steady state end values for P and Q are reached

Increase DC power or primary energy in steps of <30% PrE / min from <20% PrE to = 99% PrE,
wait until the steady state end values for P and Q are reached

Stop measurement.

d) Test steps for supply-dependent PGU dynamics

a) Adjust operating point P 2 99% PrE with activated cos ¢ (P) control
b) Start measurement.
c) After 60 s of DC power or primary energy, suddenly jump from = 99% PrE to < 50% PrE, wait until
the steady state end values for P and Q are reached.
d) After 60 s increase DC power or primary energy suddenly jump from < 50% PrE to = 99% PrE,
wait until the steady state end values for P and Q are reached.
e) After 60 s of DC power or primary energy, suddenly jump from = 99% PrE to < 75% + 5% PrE, wait
until the steady state end values for P and Q are reached.
f) Stop measurement after 60 s.
b-1) Accuracy test
Qg\;av'é?ble Active Power |Reactive Eg\?v((:etrlvteh i | Cos @ AQ/PEmax [%] Limit of
__theoretic max 0,
P/Pemas [%] [kW] Power [kVAr] a [KVAT AQ/Pemax [%0]
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100% 36,75 -15,94 -15,68 0,917 -0,65 <#4
80% 32,05 -11,57 -11,61 0,941 0,10 <#4
60% 24,04 -4,83 -4,87 0,980 0,10 <+4
40% 16,01 0,45 0 1,000 1,13 <#4
20% 8,03 0,33 0 0,999 0,83 <#4
40% 16,01 0,45 0 1,000 1,13 <4
60% 24,03 -4,83 -4,87 0,980 0,10 <4
80% 32,04 -11,57 -11,61 0,941 0,10 <4
100% 36,73 -15,94 -15,68 0,917 -0,65 <4
b-2) Dynamics test
Available power |DC power Poc | Active Power Reactive Power Cos PT1 response
P/Pemax [%0] [kW] [kW] [kVATr] ¢ comply?
100% 37,51 36,71 -15,91 0,918 -
50% 20,33 20,00 0,02 1,000 X Yes [No
100% 37,51 36,71 -15,91 0,918 -
75% 30,62 30,03 -9,78 0,951 X Yes [1No
Graphical representation
Cos phi(P) - dynamics
——P[W] ——QlVar]
45000 7 2000
40000 F 10
35000 F % 1 -2000
30000 | | 4000
25000 | 1 6000
-1 -8000
20000 F 10000
15000 | 1 _12000
10000 | ’ 4 -14000
5000 41 -16000
-18000
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%PEmax

c) Testing the reactive power-voltage characteristic curve Q(U)

Test method:
c-1) Test of the accuracy of the Q (U) control:

The test of the accuracy of the Q (U) control using the reactive power-voltage characteristic curve shown in
VDE-AR-N 4105; 2018-11, 5.7.2.4, Figure 7 is achieved by a slow variation of the system voltage Un in the
range 90% Un to 110 % Un. To carry out changes of voltage symmetrically on all phases:

1) The permissible voltage range is to be stepped through. Each voltage must be applied to the PGU
for at least 2 min. The test should be carried out with a step size of 1% Un, but no more than 2% Un.
First, the voltage range from 100% of the nominal voltage Un in the low voltage range to 90% Un to
go through. Afterwards, the voltage range from 90% Un to 110% Un must be passed through into
the overvoltage. Finally, the voltage of 110% Un is brought back to 100% of the nominal voltage Un.
The procedure is analogous to Figure 3 in Section 5.4.3.2.

The voltage Urcu applied to the PGU and the reactive power Qrcu provided by it in the positive sequence
system are recorded as being correct in the form of 200ms average values. The voltages are to be set with
a maximum deviation of + 0.25% Un. As an alternative to the use of a controllable voltage source, the
variation of the voltage can also be predetermined by a differential, controller-side manipulation of the
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measured voltage. For this purpose, the boundary conditions in 5.4.8.3.2 b) must be observed.
c-2) Test of the dynamics of the Q (U) control:

To test the dynamic behavior required in VDE-AR-N 4105: 2018-11, 5.7.2.5, the closed loop of the PGU,
including the feedback over the network impedance, must be considered. This is required because the
feedback can lead to a change in the dynamic behavior and thus to a deviation from the required behavior
of a PT1 filter. It is therefore not enough to look at the open loop.

Decisive for a safe and stable behavior at the network is the overall gain of the control loop consisting of the
Q (V) characteristic curve, the strength of the feedback in the form of the net replacement reactance Xnetz
as well as any additional control loop gain (fixed to K = 1). It is assumed that the standard Q (U) characteristic
curve from VDE-AR-N 4105: 2018-11, 5.7.2.4, Figure 7 is used. To maintain constant test conditions for all
PGUs, the network replacement reactance Xnetz should be selected according to the apparent power of the
PGU under test according to the following formula:

X _0.0218:3-Uny?
netZ T 0.85-Qmax|

The maximum reactive power Qmax is calculated from the minimum displacement factors from Table
A.2(0,90 or 0,95) of VDE-AR-N 4105: 2018-11. The voltage Un,y describes the rated star voltage. The ratio
of resistance to reactance should be setto R/ X £ 2.5.

0.85:|Qmax|

respectively Sy = 50218

In order to keep the test for all classes identical to PGU and not to influence the evaluation, the
computationally determined grid replacement reactance Xnet must not be deviated too much. The
reactance of the test set-up may be at most 33% smaller and at most 55% greater than the value

calculated by the above-mentioned formula. The following figure shows the described quantities. The use
of a grid simulator with a sufficiently accurate simulation of the grid impedance is permitted.

£ 2f) ]
@]
c XNE.‘tZ
E 15 ¢ -0 xNetz:min i
c ——— X
> Netz max
[}
&
< 17 .
1]
g
5
3 05+ 1
Q
N —
7] ———— —
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0 20 40 60 80 100 120
EZE Scheinleistung S in kVA

Figure 4 —Network replacement reactance Xyet; With tolerances

The parameters described take into account both the stability of the individual PGUs and those of a
combined operation in the form of an PGS. The required active power supply to reach the reactive power
setpoint according to the associated PQ diagram from VDE-AR-N 4105:2018-11, 5.7.2.3 must be
guaranteed.

Initial state: The Q (U) control of the PGU must be parameterized with the smallest possible response time
according to VDE-AR-N 4105: 2018-11, Chapter 5.7.2.5. The voltage source must be set so that the
positive sequence corresponds to the voltage 100% Un applied to the PGU. If none adjustable voltage
source can be used, the voltage at point 1 must be symmetrical (unbalance tolerance: 0.5%) and constant
(tolerance = 1% Un over 1 min before the measurement) and the voltage must be constant throughout the
measurement at the PGU (point 2) within the Q (U) deadband of 97% to 103% Un,.

Spannungsquelle @ @
3~ | XNetz
—— ] +—e— EZE
3~ | Ueze
IEZE
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Figure 5 — Schematic laboratory setup

To demonstrate the required dynamics (PT1 behavior), a reactive power setpoint of 85% Qmax or - 85%
Qmax must be set by means of a step-like voltage excitation. For this purpose, the following two options a)
and b) are permissible, which are carried out three times per sign direction, starting from the initial state
defined above. The measuring duration is 1 min each from the voltage excitation. It is necessary to start
the measurement at least 10 s before the voltage excitation. Table 12 outlines the examination procedure.
a) The voltage of the controllable voltage source is symmetrical and jump to increase the voltage
difference AUing,y or to decrease AUkap,y below according to the formula. The timing of the excitation
must be recorded by measurement
b) alternatively to the use of a controllable voltage source, a simulation of the voltage change by a
controller-side manipulation is permitted. However, it must be ensured that the manipulation occurs as
a differential connection of AU directly after the actual voltage measurement (RMS or positive
sequence formation) and thus the smallest possible influence on the control dynamics takes place. A
voltage shift of the Q (U) characteristic curve does not correspond - depending on the structure of the
control loop - to a manipulation of the voltage input and is therefore not permitted. In addition, only the
voltage input of the superimposed Q (U) control, but not the input variables of the current and power
controller should be manipulated. The feedback via the network impedance must not be interrupted or
in other words: none of the mains voltage must be completely emulated by a third party device. The
voltage input must be manipulatively raised by AUing,y or lowered by AUkap,y according to the formula
below. The time of the manipulation must be recorded metrologically.

XNetz 1
AUppgy =1.03Uny —Ugzpy + | 5= +7— |- 0,85 - |Qmaxl
3 * UN,Y kQU

X 1
Netz + _> -0,85- |QmaX|

AUkap,Y = 097 UN,Y - UEZE,Y - <3 K UNY kQU

The amplification factor kqu for the mapping of the Q (U) characteristic results according to VDE-AR-N 4105:
2018-11,5.7.2.4

k — |Qmax|
W7 0.04- Uyy

Table 12 — Individual steps to test the dynamics of Q (U) control

Test expected Change of voltage

PGU behavior (Measurement duration: at least 10s pre-
excitation, at least 1 min after excitation)

Approaching the initial state, Qpcu = 0

1 inductive voltage change around AUind,y

Reset to the initial state, wait for stationary operation(1 min.), Qercu = 0

2 inductive voltage change around AUind,y

Reset to the initial state, wait for stationary operation, Qrcu =0

3 inductive voltage change around AUind,y

Reset to the initial state, wait for stationary operation, Qrcu =0

4 capacitive voltage change around AUkap v

Reset to the initial state, wait for stationary operation, Qrcu =0

5 capacitive voltage change around AUkap v

Reset to the initial state, wait for stationary operation, Qrcu =0

6 capacitive voltage change around AUkap v
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In order to avoid possible overlapping of the grid sizes by means of electromechanical compensation
processes, the procedure b) is to be preferred for type 1 system.

If the described test of the reactive power voltage characteristic Q (U) at the PGU to be tested has already
been carried out using a steeply rising characteristic curve with a larger kqu, the measured data generated
there can be used for the further evaluation.

The voltage Upcu applied to the PGU as well as the reactive power provided by it in the positive sequence
system Qpcu are output with correct sign in the form of 200ms average values. The voltages are to be set
with a maximum deviation of +0,25% Un.

c-1) Accuracy test

Active power setting for test: 36 kW (100%Pn)

_ Measured Reactive Eg\f;\v(;trive Limit of

eps[Seine, - |lemial - |Power 0o ol nicdoq o | aupennl | 2XPEr

PGU_pos [V] |[KVAT] kv Aﬁpos +0,04Pemay)
1 1,00Un 398,4 0 0,66 1,65 +14,9
2 0,99Un 394.,4 0 0,66 1,65 +14,9
3 0,98Un 390,4 0 0,67 1,68 +14,9
4 0,97Un 387,0 0 0,67 1,68 +14,9
5 0,96Un 382,5 4,36 4,45 0,23 +14,9
6 0,95Un 378,5 8,72 8,70 -0,05 +14,9
7 0,94Un 374,5 13,08 13,29 0,52 +14,9
8 0,93Un 370,5 17,44 17,41 -0,08 +14,9
9 0,92Un 366,5 17,44 17,43 -0,03 +14,9
10 0,91Un 362,6 17,44 17,43 -0,03 +14,9
11 0,90Un 358,6 17,44 17,43 -0,03 +14,9
12 0,91Un 362,6 17,44 17,43 -0,03 +14,9
13 0,92Un 366,5 17,44 17,45 0,02 +14,9
14 0,93Un 370,5 17,44 17,45 0,02 +14,9
15 0,94Un 374,6 13,08 13,17 0,23 +14,9
16 0,95Un 378,5 8,72 8,61 -0,28 +14,9
17 0,96Un 382,5 4,36 4,41 0,13 +14,9
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18 0,97Un 386,8 0 0,67 1,68 +14,9
19 0,98Un 390,6 0 0,66 1,65 +14,9
20 0,99Un 394,6 0 0,69 1,73 +14,9
21 1,00Un 398,6 0 0,70 1,75 +14,9
22 1,01Un 402,5 0 0,05 0,13 +14,9
23 1,02Un 406,5 0 0,05 0,13 +14,9
24 1,03Un 410,5 0 0,06 0,15 +14,9
25 1,04Un 4144 -4,36 -4,37 -0,02 +14,9
26 1,05Un 418,4 -8,72 -8,68 0,10 +14,9
27 1,06Un 4224 -13,08 -13,10 -0,05 +14,9
28 1,07Un 426,3 -17,44 -17,30 0,35 +14,9
29 1,08Un 430,3 -17,44 -17,32 0,30 +14,9
30 1,09Un 434,3 -17,44 -17,32 0,30 +149
31 1,10Un 438,6 -17,44 -17,32 0,30 +149
32 1,09Un 434,3 -17,44 -17,31 0,33 +149
33 1,08Un 430,3 -17,44 -17,32 0,30 +149
34 1,07Un 426,4 -17,44 -17,30 0,35 +14,9
35 1,06Un 4224 -13,08 -13,11 -0,07 +14,9
36 1,05Un 418,4 -8,72 -8,72 0,00 +14,9
37 1,04Un 4144 -4,36 -4,44 -0,20 +149
38 1,03Un 410,2 0 0,06 0,15 +149
39 1,02Un 406,4 0 0,06 0,15 +149
40 1,01Un 402,4 0 0,05 0,13 +149
41 1,00Un 398,6 0 0,05 0,13 +149

Voltage VS reactive power diagram
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c-2) Dynamic test

Xnet = 0,0218*3*UN,Y2/(0,85*Qmax)

Initial state for testing:

Active power setting for test: 36 kw Smallest response time setting for PT1: |65
Positive sequence voltage at o
PGU: 100%Un
. Measured Reactive Reactive Comply with
Testing - Power Response
terminal Power target . the PT1
Step voltage of measred of |time
voltage of of PGU_pos response
PGU PGU_pos measured [s]
PGU_pos [V] [[kVAT] tolerance
[KVATI]
1 100%Un + 4239 -85% Q 151 5,8 [d Yes
AUing,y ' max ' ' ] No
Reset to the initial state, wait for stationary operation(1 min.), Qecu =0
2 100%Un + 4237 -85% Qmax 14,8 5,4 [d ves
AUing,y ' ' ' ] No
Reset to the initial state, wait for stationary operation(1 min.), Qecu =0
3 100%Un + 4238 -85% Qmax 14,9 5,8 [J ves
AUing,y ' ' ' ] No
Reset to the initial state, wait for stationary operation(1 min.), Qecu =0
4 100%Un - 373,0 85% Q 15,0 5,8 [J ves
AUkap,y ’ 0 Acmax ' ' D No

Reset to the initial state, wait for stationary operation(1 min.), Qecu =0
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100%Un - 0 X Yes
5 AUiap.y 373,0 85% Qmax 14,8 5,6 [ No
Reset to the initial state, wait for stationary operation(1 min.), Qecu =0
6 100%Un - 373,0 85% Qma 14,9 5,8 D] Yes
AUkap,Y ’ ' ' l:l NO

1) Diagram of PT1 for inductive reactive power within tolerance

Test 1)

Test 2)

Test 3)
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2) Diagram of PT1 for capacitive reactive power

Test 4)
Test 5)
Test 6)
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554 TABLE: Integrated NS protection — SUN2000-36KTL P

Test method:
It must be tested that a single fault does not lead to the loss of the protective function of the NS protection.
It is the possible device combinations with the possible fault sources test.
Sources of fault are at least:
o faulty configuration
¢ Incorrect devices in the communication connection
e Line interruption / loss of connection
¢ Unsuccessful connection establishment
The tests must be documented with the device combination.
The combinations with passed tests are to be shown.

For PGU, which demonstrably fulfill the requirements of DIN EN 62109 (VDE 0126-14), the tests do not have
to be carried out. Proof must be provided in the form of a test report from an accredited testing laboratory or
a component certificate.

NOTE Typical fault include: AD converter failure, freezing of a microprocessor, error in the detection of the
measured value, fusion of the contacts, reference voltage failure, supply voltage failure, supply voltage
overvoltage, line break, semiconductor failure.

a) Central NS-Protection
The following tests are to be performed one after another in the series::

— The auxiliary voltage of the NS protection is switched off.
— The test device on the NS protection is activated.

b) Integrated NS protection

The test of the integrated NS protection takes place in chapter 5.5.7 and in connection with the testing of
the overall NS protection - interface switch.

[] Central NS protection [X] Integrated NS protection

X PGU comply with EN 62109-1 and EN 62109-2, approved by TUVRheinland, certificate No.:
R50341078 as an alternative.
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5.5.6 TABLE: Interface switch — SUN2000-36KTL P

Test method:

a) Central interface switch

The design of a central interface switch requires some information from the PGU. The documentation of the
manufacturer of the PGU must therefore contain the following information:

— maximum initial short circuit current;

— maximum backup fuse;

— Circuit diagram / connection diagram (PGU, NS protection, interface switch) contains the required
control and feedback signals.

b) Integrated interface switch
Make a visual check to see if there is a galvanic switching device.

NOTE The requirement for the switching device is defined in VDE AR-N 4105: 2018-11 A.6.

The documentation of the manufacturer specifying the proper time of the integrated interface switch must be
checked.

With the combination of the integrated interface switch and integrated NS protection, the entire functional
chain has to be checked.

a) 1. The control voltage of the interface switch is interrupted.

2. ltis necessary to simulate a fault during normal operation and disconnection of the interface
switch.

3. The NS protection is triggered. In this case, a malfunction of the interface switch is simulated.

Note: The test is carried out with grid-interactive PGU. Failure of the interface switch with simultaneous
protection release can lead to the return service due to the concept.

4. The NS protection is triggered. The disconnection time of the entire functional chain is
determined.
b) 1. Itisinthe daily on and off function of the interface switch to simulate a fault.

2. The NS protection is triggered. In this case, a malfunction of the interface switch is simulated. The
switching capacity of the interface switch must be checked by means of manufacturer
documentation.

c) No further testing is required for integrated interface switches of PV and battery inverters according
to DIN EN 62109 (VDE 0126-14).

[] Central NS protection [X] Integrated NS protection

X PGU comply with EN 62109-1 and EN 62109-2, approved by TUVRheinland, certificate No.:
R50341078 as an alternative.

Necessary information checked with manufacturer:

max. fuse or circuit braker rating specified in manual:

The max. initial short-circuit current Ik”: 57,8 A 80 A

Interface switch type:
Series-connected relays for both the neutral
conductor and the line conductor;

Power relay type: HF167F/12-HF or HE1aN-W-
DC12V-Y6

manufacturer:

Xiamen Hongfa Electroacoustic Co., Ltd.
(HF167F/12-HF);

Panasonic Corporation (HE1aN-W-DC12V-Y®6)

The response time of the interface switch:

Operate time: Max. 30 ms (HF167F/12-HF or
HE1aN-W-DC12V-Y6)

Release time: Max. 10 ms (HF167F/12-HF or
HE1aN-W-DC12V-Y6)

Switching capacity of the interface switch: 90 A
(HF167F/12-HF or HE1aN-W-DC12V-Y6)
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The disconnection time of the entire functional chain: |< 100 ms

55.7.2 TABLE: Voltage monitoring und frequency monitoring NS protection — P
SUN2000-36KTL

Test method:

1) Test of voltage rise protection U>>
a) The voltage is set to U,, and held.
b) A step is performed to the test value of Table 14.
2) test of voltage rise protection U>
a) The voltage is set to the rated voltage U,, and held for 600 s.
Thereafter, the voltage is set to 1.12 x U, and held until a shutdown occurs

NOTE This test serves as proof of the measuring accuracy and the maximum set time.

b) The voltage is set to the rated voltage U, and held for 600 s.
Thereafter, the voltage is set to 1.08 x U, and held for 600 seconds.

Note: This test serves as proof of the measurement accuracy
c) The voltage is set to 1.06 x U,, and held for 600 sMake a visual check to see if there is a galvanic

switching device.
Thereafter, the voltage is set to 1.14 x U, and held at least until the disconnection.

Note This TEST serves to demonstrate correct formation of the 10-min moving average value.

3) test of rise-in-voltage protection U<<
This test is omitted for Stirling generators and fuel cells as well as for synchronous and asynchronous
generators Pre < 50kW.
a) The voltage is set to U, and held.
A jump is made to 0.48 x U,, and held for at least 500 ms
b) The voltage is set to U, and held.
A jump is made to 0.42 x U, and held for at least 400 ms
4) Test of the Voltage drop protection U<
a) The voltage is set to U, and held.
A jump is made to 0.83 x U,, and held for at least 60 s

NOTE For synchronous and asynchronous generators with P, < 50kW coupled directly or via inverters, as well as
for Stirling generators and fuel cells, the test value may be increased to 0.86 x U, as with these systems a shutdown is

already permitted at 0.85 x U, due to the design.

b) The voltage is set to U, and held.
A jump is made to 0.77 x U, and held.
5) test of the frequency increase protection f> and of the frequency decrease protection f<
a) The frequency is set to fn 50.0 Hz and held.
51.3 Hz are started and held for 60 sec. 51.7 Hz are then started and held for at least 200 ms.
b) The frequency is set to fn 50.0 Hz and held.
47.7 Hz are started and held for 60 sec. After that, 47.3 Hz are started up and held for at least 200 ms.

Table 14 — Test values for the tests according to 5.5.7.2

Stirling generators, fuel cells . Inverter
Directly coupled

synchronous and
asynchronous generators
with Pre > 50 kw

Synchronous and
asynchronous generators
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with Pre < 50 kW coupled
directly or via inverters

Protective function Set value Tripping Set value Tripping Set value Tripping
value value value
Rise-in-voltage protection U>> 1,15 Un 1,18 Un 1,25 Un 1,28 Un 1,25 Un 1,28 Un
Rise-in-voltage protection U> 1,1Un 1,12 Un 1,1Un 1,12 Un 1,1Un 1,12 Un
Voltage drop protection U<< Not applicable 0,45 Un 0,45 Un 0,45 Un 0,45 Un
+/-3% +/-3%
Voltage drop protection U< 0,8 Un 0,82 Un 0,8 Un 0,77 Un 0,8 Un 0,77 Un
<100ms 1,0s 30s
Frequency increase protection f> 47,5 Hz 47,5 Hz 47,5 Hz 47,5 Hz 47,5 Hz 47,5 Hz
+/-0,2Hz +/-0,2Hz +/-0,2Hz
Frequency decrease protection f< 51,5Hz 51,5 Hz +/- 51,5Hz 51,5 Hz +/- 51,5Hz 51,5 Hz +/-
0,2Hz 0,2Hz 0,2Hz

1) Test of voltage rise protection U>>

o |Tobvate |1 el seig g ey | Discomecion | Discomect
L1-N 1,25Un 100 1,28Un 130 <200
L2-N 1,25Un 100 1,28Un 137 <200
L3-N 1,25Un 100 1,28Un 129 <200
L1-L2 1,25Un 100 1,28Un 132 <200
L2-L3 1,25Un 100 1,28Un 116 <200
L3-L1 1,25Un 100 1,28Un 126 <200

Channel instruction:

Channel 1(yellow): Line-Neutral or Line-Line voltage signal
Channel 2(blue): Phase current signal
Channel 4(green): Trigger signal

L1-N:

L2-N:
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L3-N:

L1-L2:

L2-L3:

L1-L3:

2) Test of voltage rise protection U>

2-1) test condition: Un@600s — 1,12Un until disconnection

Trip value Trip delay seting Disconnection Disconnection
U> setting [V] [ms] Testvalue [V] time [s] time limit [s]
L1-N 1,10Un 100 1,12Un 512 <600
L2-N 1,10Un 100 1,12Un 517 <600
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L3-N 1,10Un 100 1,12Un 514 <600
L1-N:
—P[W]  —U1[V]
20000 265.0
18000 260.0
16000 255.0
14000 250.0
12000 245.0
10000 240.0
8000 235.0
6000 230.0
4000 225.0
2000 220.0
O LW NN W NS oM~ O~ W )W~ 00w
NN AdAd A0 oWn NS TS oo
O AN M SN WM~ AN MM SN W~ g0
O 00 00 00000 ™ ™ ™~ = A A oA o A~
C OW VB VWOV owowowowwo oo
I e I I I I I I I I I I I I B B B I |
L2-N:
—P[W]  —U2[V]
20000 265.0
18000 = 260.0
16000 255.0
14000 250.0
12000 245.0
10000 240.0
8000 235.0
6000 230.0
4000 225.0
2000 220.0
OO o a4 oM s s WwW W00 O AN M
neeeeeeeeeeeee e e oo odd
00 O 4 N s WM~ OO A s N WS o0 ;o
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20000
18000
16000
14000
12000
10000
8000
6000
4000
2000
0]

—P[W]

—U3[V]

16:57:50
16:58:47
16:59:43
17:00:39

17:01:35
17:02:31
17:03:28

17:04:24
17:05:20
17:06:16
17:07:12

17:08:09
17:09:05

17:10:01
17:10:57
17:11:53

17:12:50
17:13:46
17:14:42
17:15:38
17:16:35
17:17:31

265.0
260.0
255.0
250.0
245.0
240.0
235.0
230.0
225.0
220.0
215.0

2-2) test condition: Un@600s — 1,08Un@600s

U> Trlpvalue Trip delay seting Test value [V] IZ_)lsconnectlon IZ_)lsco_nn_ectlon
setting [V] [ms] time [s] time limit [s]
L1-N 1,10Un 100 1,08Un N_o . N.O .
disconnection disconnection
L2-N 1,10Un 100 1,08Un N_o . N.O .
disconnection disconnection
L3-N 1,10Un 100 1,08Un N_o . N.O .
disconnection disconnection
L1-N:
e P[W] e U 1 [V]
20000 255.0
18000 L 9500
16000
14000 - 245.0
12000 - 240.0
10000
6000 - 230.0
4000
2000 - 225.0
00 < O W oD SO W0 s O W00 s O Wy oo
L O T B B B B B R s B A B T e A S B B B
o e B B T o L= T S v o T o T e T I T oV R o T~ (N I O W R o o o N 0 T B
O O o0 o000 A A A A 3 A ~ A ~ A —~ ™~ ™~
00 0 0O ©0 00 ©0 0O G0 0O ©0 0O ©O0 0O OO 0O OO 0O GO ©O0 OO ©0 OO
™ =~ o o o o o o o o o o~ o Ao o o A~
L2-N:
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e P[W] e U 2[ V]
20000 255.0
18000 L 2600
16000
14000 - 245.0
12000 - 240.0
10000
3000 - 235.0
6000 - 230.0
4000
2000 - 225.0
O O MmO W ™00 W A~ OM~MO W0 O N o 00 s
ST TN NNINd ANy d T
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L3-N:
——P[W] =———U3[V]
20000 255.0
18000 2500
16000
14000 245.0
12000 240.0
10000
6000 230.0
4000
2000 2250
0 220.0
T M~ uWw =t ™~ O 00 WO WM~ M~ W=t O oM~ wmm o
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2-3) test condition: 1,06Un@600s — 1,14Un until disconnection

Us ;;Itg XSIK?] E’rTr]ls] delay seting Test value [V] {iDri:chg]nection {ijrir?g?irr\r?i(tac[;g]on
L1-N 1,10Un 100 1,14Un 290 2225and <375
L2-N 1,10Un 100 1,14Un 299 2225and <375
L3-N 1,10Un 100 1,14Un 287 2225and <375
L1-N:
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e P[\W] e 1[V]
22000 270.0
20000
18000 - 260.0
16000
14000 - 250.0
12000
10000 - 240.0
8000 o 230.0
6000
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2000
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18000 260.0
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2000
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—P[W]  —U3[V]
22000 270.0
20000
18000 - 260.0
16000
14000 - 2500
12000
10000 - 240.0
8000 - 230.0
6000
4000 - 220.0
2000
0 eessssssssssssssssssssssssssses e 2 10.0
o M O M~ S N0 Mo 0w N~ S N0 O oo
= O O A S0 s O A A N s N O
BN O dams N0 M~MO dA™mMSS N0 o O
O 0O 0O A A = = A A A = = &~ 4o M
e e s s I B e s I B R B e
3) Test of voltage rise protection U<<
3-1) 0,48Un@500ms
U<< Tnpvalue Trlp delay Test value [V] Hold on time E_)lsconnectlon IZ_)lsco_nn_ectlon
setting [V] seting [ms] [ms] time [msg] time limit [ms]
L1-N 0,45Un 300 0,48Un 500 No _|No .
disconnection |disconnection
L2-N 0,45Un 300 0,48Un 500 No _|No .
disconnection |disconnection
L3-N 0,45Un 300 0,48Un 500 No _|No .
disconnection |disconnection
L1-L2 0,45Un 300 0,48Un 500 No _|No .
disconnection |disconnection
L2-13 0,45Un 300 0,48Un 500 No _|No .
disconnection |disconnection
L1-13 0,45Un 300 0,48Un 500 No _|No .
disconnection |disconnection

Channel instruction:
Channel 1(yellow): Line-Neutral or Line-Line voltage signal
Channel 2(blue): Phase current signal
Channel 4(green): Trigger signal

L1-N:

L2-N:
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L3-N:

L1-L2:

L2-L3:

L1-L3:

3-2) 0,42Un@400ms

s<[Tpvake TR0 | rer ey |fefontme. | Discomecion | Dizonetion
L1-N 0,45Un 300 0,42Un 400 324 <400
L2-N 0,45Un 300 0,42Un 400 334 <400
L3-N 0,45Un 300 0,42Un 400 332 <400
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L1-L2 0,45Un 300 0,42Un 400 326 <400
L2-L3 0,45Un 300 0,42Un 400 322 <400
L1-L3 0,45Un 300 0,42Un 400 338 <400

Channel instruction:
Channel 1(yellow): Line-Neutral or Line-Line voltage signal
Channel 2(blue): Phase current signal
Channel 4(green): Trigger signal

L1-N:

L2-N:

L3-N:

L1-L2:
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L2-L3:

L1-L3:

4) Test of voltage rise protection U<

4-1) 0,83Un@60s

U< Trip value Trip delay Test value [V] Hold on time | Disconnection | Disconnection
setting [V] seting [ms] [ms] time [msg] time limit [ms]

L1-N 0,8Un 3000 0,83Un 60000 N.O . N.O .
disconnection |disconnection

L2-N 0,8Un 3000 0,83Un 60000 N.O . N.O .
disconnection |disconnection

L3-N 0,8Un 3000 0,83Un 60000 N.O . N.O .
disconnection |disconnection

L1-L2 0,8Un 3000 0,83Un 60000 N.O . N.O .
disconnection |disconnection

L2-L3 0,8Un 3000 0,83Un 60000 N.O . N.O .
disconnection |disconnection

L1-L3 0,8Un 3000 0,83Un 60000 N.O . N.O .
disconnection |disconnection

Channel instruction:

Channel 1(yellow): Line-Neutral or Line-Line voltage signal
Channel 2(blue): Phase current signal
Channel 4(green): Trigger signal

L1-N:

L2-N:
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L3-N:

L1-L2:

L2-L3:

L1-L3:

4-2) 0,77Un until disconnection

2 Iipualke | Tpdelay s | 1o ey | Ocemecton | Dicomect
L1-N 0,8Un 3000 0,77Un 3060 <3100
L2-N 0,8Un 3000 0,77Un 3040 < 3100
L3-N 0,8Un 3000 0,77Un 3080 < 3100
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L1-L2 0,8Un 3000 0,77Un 3070 <3100
L2-L3 0,8Un 3000 0,77Un 3070 <3100
L1-L3 0,8Un 3000 0,77Un 3088 <3100

Channel instruction:
Channel 1(yellow): Line-Neutral or Line-Line voltage signal
Channel 2(blue): Phase current signal
Channel 4(green): Trigger signal

L1-N:

L2-N:

L3-N:

L1-L2:
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L2-L3:

L1-L3:

5) Test of frequency increase protection f>

5-1) 51,3Hz@60s

f> Trip value Trip delay Test value Hold on time | Disconnection | Disconnection
setting [Hz] seting [ms] [HZ] [ms] time [msg] time limit [ms]

L1/L2/L3 |51,5 100 51,3 60000 N.O . N.O .

disconnection | disconnection

Channel 1: Line-Neutral voltage signal

Channel 2: phase current signal

Channel 4: frequency trigger signal

5-2) 51,7Hz until disconnection

f> Trip value Trip delay Test value Hold on time | Disconnection | Disconnection
setting [Hz] seting [ms] [Hz] [ms] time [ms] time limit [ms]

L1/L2/L3 |51,5 100 51,7 =200 124 <200

Channel 1: Line-Neutral voltage signal
Channel 2: phase current signal
Channel 4: frequency trigger signal
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6) Test of frequency increase protection f<

6-1) 47,7Hz@60s

fe Trip value Trip delay Test value Hold on time | Disconnection | Disconnection
setting [Hz] seting [ms] [HZ] [ms] time [msg] time limit [ms]

L1L2/L3 |47,5 <100 47,7 60000 No _|No .

disconnection | disconnection

Channel 1: Line-Neutral voltage signal

Channel 2: phase current signal

Channel 4: frequency trigger signal

6-2) 47,3Hz until disconnection

f> Trip value Trip delay Test value Hold on time | Disconnection | Disconnection
setting [HZ] seting [ms] [Hz] [ms] time [ms] time limit [ms]

L1/L2/L3 |47,5 100 47,3 =200 141 <200

Channel 1: Line-Neutral voltage signal
Channel 2: phase current signal
Channel 4: frequency trigger signal
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5.5.8 TABLE: Notification of NS-protection — SUN2000-36KTL P

Test method:

It is to be determined by visual inspection that the last 5 dated fault messages are readable on the NS
protection.

It must be checked that an interruption of the supply voltage < 3 s does not lead to the loss of the fault
messages.

It has to be verified that with an integrated NS protection the setting values of the protection function and
the fault messages are to be read out via a data interface, as far as they are not directly readable.

X via an interface;

Type of data interface:
RS485 / MBUS
Communication / a
Bluetooth module,

a WLAN module, or a USB

Setting values of NS protection and last 5 dated fault

messages can be readable from [J PGU directly

data cable.
The last 5 dated fault messages:

Step a)
Step b) The last 5 dated fault messages after interruption the supply voltage < 3 s:
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5.5.9 TABLE: Structural features of NS-protection — SUN2000-36KTL P

Test method:
It has to be tested whether the NS protection is protected against unauthorized access, for example:

— NS protection sealable: by visual inspection, or
— NS protection password protected: testing, based on the manufacturer's instructions, or
— other appropriate measure.

It has to be tested that U> and the time delays for U < and U << are adjustable. It must be tested whether
all other protective functions described in VDE-AR-N 4105:2018-11, clause 6.5 are either fixed or protected
against unauthorized access by additional, separate protection.

Type and form of protection against |[_] NS protection X NS protection [] other appropriate
unauthorized access sealable password protected measure

If NS protection password protected ;Z?:angtiggssed on the manufacturer's X Pass [ Falil
\I)ljup;rotection functions setting Trip value Trip time

seinvotagepracsionu > |t Bl e [[Thes— [El s
seinvotagepresionu > |Hnedin L s Tl earn | e
vatagesop poten < |vesi B e Tl ea L e
vatage o proecten << | ves B i Tl ea L e
resueny desressepraecion < | ecdi | B sdste " |Llmedi L st
ey reas proesion 1= | nedi | L s L1 pean L e
5.5.10 TABLE: Islanding detection — SUN2000-36KTL P

Test method:
1) passive methods
The passive method is realized by the voltage increase and the voltage decrease protection of the
NS protection.
2) Active methods
The active method is tested according to DIN EN 62116 (VDE 0126-2)

Limit: [] Test with FRT function enabled, the disconnection time shall be within 9 s.

X Test with FRT function disabled, the disconnection time shall be within 2 s.
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No. | Peur(% | Reactiv Pac Qac Run-on Peutr Actual Vbc Which
of EUT e load time(s) (kW) Qr load is
rating) (% of selected

normial) to be
adjusted
(CorlL)
Test condition A

1 100 100 0 0 0,443 36,7 1,00 800

2 100 100 -5 -5 0,239 36,7 - 800 /

3 100 100 -5 0 0,244 36,7 - 800 /

4 100 100 -5 +5 0,260 36,7 - 800 /

5 100 100 0 -5 0,252 36,7 - 800 /

6 100 100 0 +5 0,417 36,7 - 800 /

7 100 100 +5 -5 0,244 36,7 - 800 /

8 100 100 +5 0 0,473 36,7 - 800 /

9 100 100 +5 +5 0,277 36,7 - 800 /

10 100 100 -10 +10 0,182 36,7 - 800 /

11 100 100 -5 +10 0,177 36,7 - 800 /

12 100 100 0 +10 0,301 36,7 - 800 /

13 100 100 +5 +10 0,367 36,7 - 800 /

14 100 100 +10 +10 0,241 36,7 - 800 /

15 100 100 +10 +5 0,247 36,7 - 800 /

16 100 100 +10 0 0,227 36,7 - 800 /

17 100 100 +10 -5 0,226 36,7 - 800 /

18 100 100 +10 -10 0,232 36,7 - 800 /

19 100 100 +5 -10 0,254 36,7 - 800 /

20 100 100 0 -10 0,313 36,7 - 800 /

21 100 100 -5 -10 0,259 36,7 - 800 /

22 100 100 -10 -10 0,230 36,7 - 800 /

23 100 100 -10 -5 0,217 36,7 - 800 /

24 100 100 -10 0 0,222 36,7 - 800 /

25 100 100 -10 +5 0,198 36,7 - 800

Test condition B

10 66 66 0 0 0,296 24,8 1,00 660 /

11 66 66 0 -5 0,242 24,8 - 660 L

12 66 66 0 -4 0,246 24,8 - 660 L

13 66 66 0 -3 0,239 24,8 - 660 L

14 66 66 0 -2 0,245 24,8 - 660 L

15 66 66 0 -1 0,256 24,8 - 660 L

16 66 66 0 1 0,263 24,8 - 660 L

17 66 66 0 2 0,262 24,8 - 660 L

18 66 66 0 3 0,275 24,8 - 660 L

19 66 66 0 4 0,297 24,8 - 660 L

20 66 66 0 5 0,290 24,8 - 660 L

C
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Test condition C

21 33 33 0 0 0,244 12,7 1,00 550 /
22 33 33 0 -5 0,185 12,7 - 550 L
23 33 33 0 -4 0,208 12,7 - 550 L
24 33 33 0 -3 0,230 12,7 - 550 L
25 33 33 0 -2 0,227 12,7 - 550 L
26 33 33 0 -1 0,245 12,7 - 550 L
27 33 33 0 1 0,274 12,7 - 550 L
28 33 33 0 2 0,317 12,7 - 550 L
29 33 33 0 3 0,676 12,7 - 550 L
30 33 33 0 4 0,235 12,7 - 550 L
31 33 33 0 5 0,214 12,7 - 550 L
Remark:

5.6 TABLE: Connection condition and synchronization — SUN2000-36KTL P

Test method:
a) fig < 47,45 Hz: reconnection is not permitted;

b) switch to f, > 47,55 Hz: reconnection is permitted,

c) figt > 50,15 Hz: reconnection is not permitted,

d) switch to f; < 50,05 Hz: reconnection is permitted,

e) Uy <84 % U, : reconnection is not permitted,

f) U, =86 % U,,: reconnection is permitted,;

g) Uy > 111 % U, reconnection is not permitted,;

h) Ug <109 % U,: reconnection is permitted.

the time of reconnection is specified by the manufacturer.

Test sequence after Reconnection Reconnection Reconnection Power gradient

trip allowed time = 60s after
reconnection

Step @) — fac@47,44 Hz | No No N/A N/A

(fac < 47,45 Hz)

Step b) — fac@47,55 Hz | Yes Yes Yes < 10%Pemax per

(fac = 47,55 Hz) minute

Step ¢) — fac@50,16 Hz | No No N/A N/A

(fac > 50,15 Hz)

Step d) — fac@50,05 Hz | Yes Yes Yes < 10%Pemax per

(fac = 50,05 Hz) minute

Step €) — Uac@0,83 Un | No No N/A N/A

(Uac < 0,84 Un)

Step f) — Uac@0,86 Un | Yes Yes Yes <10%Pemax per

(Uac 2 0,86 Un) minute

Step g) — Uac@1,12 Un | No No N/A N/A

(Uac > 1,11 Un)

Step h) — Uac@1,09 Un | Yes Yes Yes <10%Pemax per

(Uac 1,09 Un) minute
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Underfrequency

Oscilloscope recorded waveforms

a) fac @ 47,44 Hz — no reconnection
b) fac @ 47,55 Hz — reconnection after 120 s

Reconnection condition verification (under-

frequency)
——P[W] ——F[Hz]
45000 4 50.50
40000 B 50.00
35000 | 49,50
30000 |
49.00
25000 |
48.50
20000 |
48.00
15000 |
10000 | = 47.50
5000 F 4 47.00
0 46.50
o e e e ot I o o I N I o o N o N N M W s B il s e il T W E g g R W R BT o o o o]
[ e I ot I Tt I Tt I Tt I It I o ot I o o R o R o R R o o o o o T o I T Y
BRSO E A NNANTFRACONNRENNSS NN M S0
Lo B B B I It Ittt I Yt B ot o B o B B o B R e M e B e M e M W0
03 5 03 03 (A 03 1A R (3 (A (5 LA (A LA LA LA LA A LA LA b LR 3 5 (R 3 U (3 3 (R 3 A 5 A
A A A A A A A A A A A A A A A A A A A A A A A A A A A A
Max. power gradient during recovery 10% Pemax/min
Power gradient after reconnection
——P_1min moving average[%] Power gradient[%Pemax/min]
110 - 11
100 10
90 9
80 8
70 7
60 6
50 5
40 4
30 3
20 2
10 1
0 0
Wwow oM~ M~ 0 W W W D o o o 2 O o o
Lo SO ™ o N e A ™ o T A T o Y o N o A ™ o TN ™ o TN o N ™ Y o A ™ o T TN e TR N s Y o B o T 0]
MR F F AN S SN ~N®B XA NS S o NN @M T S
Lo SO A o A N o Y Y o Y o N o A T A A N o A o o N o T o T o T o 0 Y o R o N o 0 IO o 3
L B T B I I T I I R T T I B T T O B T B B B R |
Overfrequency
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Oscilloscope recorded waveforms

¢) fac @50,16 Hz — no reconnection
d) fac @50,05 Hz — reconnection after 61 s

Reconnection condition verification (Over-

frequency)
——P[W] ——F[Hz]
45000 7 52.50
40000
52.00
35000 F
30000 F 51.50
25000 F
51.00
20000 F
15000 f 50.50
10000 |y
- 5 50.00
5000 f -
0 49.50
TN -ddddd A -d A A A A A AN NN Tt S S
nmeNomomomomomomomomomomomomomom
IS S ddANMdT S AN SORNNGET IS S MM
I R A A A A A A A A L R R R s
A A A A A A A A A A A A A A A A A A A A A
Max. power gradient during recovery 10% Pemax/min
Power gradient after reconnection
——P_1min moving average[%] Power gradient [%Pemax,/min]
110 4 11
100 10
90 9
80 8
70 7
60 6
50 5
40 4
30 3
20 2
10 1
0 0
M~ I~ I~ I~ M~ I~ I~ I~ M~ 0 0 o ¢ o ¢ © o o O o O
m @ M @ M 9O M 9O Mmoo N 9o N 9O N - F — =T — =
A A F F H N 8 8 NN @8 S 8 A A A A
< % % % % o F F F % o F T T ¥ oM LN N
N =~ = o4 o4 o4 o4 4 o4 o4 4 o4 4 4 A4 A4 A A A oA -~
Overvoltage
Oscilloscope recorded waveforms
€) Uac @1,12 Un — no reconnection
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f) Uac @1,09 Un — reconnection after 63s

Reconnection condition verification (Over-

voltage)
P[%] ——U[p.u.]
110 ¢ . %g
100 Y 126
4 1.24
80 1 s
o [ — | 11
60 | 1 1
1 1.10
| 1188
40 1 104
1 1.02
o [ ] 4%
0| ] 8%
10 1o
1 092
0 0.90
Mmoo W L0 w0 doloocem o) W W ww o 0w
NN NN NN Mmoo Mmoo Mmoo momo Mmoo Mmoo o m
GBI SSdd AT AN S CANNIGGENTSS A A A
R A A A A e A A A A A A R R R R s
Y= - Y. I Y- BV BT BV~ BT Y- V- Y- S Y- ST BT Y- Y B Y - Y- Y- BT BV~ T R RV R
LB I B B B B I I B B B I I I B I B
Max. power gradient during recovery 10% Pemax/min
Power gradient after reconnection
——P_1min moving average[%] Power gradient[%Pemax/min]
110 1 11
100 10
90 9
80 8
70 7
60 6
50 5
40 4
30 3
20 2
10 1
0 0
M~ 00 © © © o o o8 o M S 5 9§ N0 v W W Ww o Ww o w M~
(¥ TR o N e T o AN = N o0 L == T o o TR = S o o NN e T o TR e Y o 0 N = T 2 O == T o o N = T o o TR == T 1 0
J A M Ad F F 6 d 8 8 NN 8 8 addad S A A A A
T 3 % % % % o F F F LT F T F F L N WML NN
& 8 8 & 8 8 8§ 8 8 8 & 8 8 & 8 8 & 8 8 8 8 &
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undervoltage
Oscilloscope recorded waveforms
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g) Uac @0,83 Un — no reconnection
h) Uac @0,86 Un — reconnection after 62s

Reconnection condition verification (Under-

voltage)
P[%] ——U[p.u.]
o | 12
ol 1
g 1
o | gt
70 r 0.94
60 | 0.92
0.90
g1 - os8
| 081
o | 650
0 | o
10 .
0.72
0 0.70

NN WLW WO W WWWOWWWWM PP P e P P PP P P P P
emengemnmenenengnenegngnenenagngnNene
MM SSdd NNl A AT SRR IEITTS S AN
NN eLeLeeeeeeeeeeeeed oo d
o= Y= B = B = B N S A S e e A N e T S T e e S e S A A N S
AT A AT A A A A AT A A A A A A A A A A A AAA A

Max. power gradient during recovery 10% Pemax/min

Power gradient after reconnection

——P_1min moving average[%] Power gradient [%Pemax,/min]

100 4 11
90 10
80 9
70 8
60 é
50 c
40 1
30 3
20 2
10 1
0 0
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S O 4 N AN dedFF R BB S RN BRSSO S o
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e S

N =~ = o o4 4 4 5 4 o4 o4 ~4 A4 A A A A A A A A -~

5.8 Table: Test of dynamic network support — SUN2000-36KTL P

Test method:

The test object is connected to a network with a downstream test facility (or a network simulator with
downstream network simulation). This test equipment shall be capable of reproducing the corresponding
voltage dips / overshoot on the device under test as described in the following procedure. All requirements
for the test equipment are listed in Annex A.

The correct parameterization of the test device in order to obtain the respective voltage dips / rises
according to Table 17 and Table 18 must be tested for each test by an no load test (each separately
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symmetrical, asymmetrical). The value to be set in each case is for voltage drops the respective resulting,
based on the nominal value, smallest line-neutral voltage. For voltage incease, the value to be set is the
respective resulting maximum nominal line-to-neutral voltage.

The tests are to be started at a voltage in the range of U, + 5% U,

The reference point for the dynamic grid support of the PGU or the storage system are the line-side terminals
of the test object.

It must be tested at full load (P:e £ 2% P:£) and in the partial load range of 0.2 Pe to 0.6 Pe. The reference
value is the measured active power as a 10-s average value immediately before the voltage dips / rises.

All tests 1 to 6 from Table 17 and the tests 1 to 7 from Table 18 must be carried out both symmetrically (fault
type image A) and asymmetrically (according to fault type image D) (according to Bollen, see Annex).

Note: In the asymmetrical tests, fault type D can be obtained on the low-voltage side with respect to the phase-
neutral voltages. This fault type results from asymmetrical network faults (within the superimposed voltage level (s))
using the frequently used Dy5 transformer switch group for the connection of the PGU to the grid. These are not
generator-side single-pole earth faults.

The FRT tests are performed with normal terminal assignment according to Table X27a. In addition, in the
case of asymmetrical tests, the lowest voltage drops and the highest voltage rises at full load must be tested
again with cyclically exchanged terminal assignment in accordance with Table X27b.

Single-phase PGU are connected to terminals W and N for fault type D1. For fault type D2, the connection
is made to terminals V and N.

Table X27a — Normal connection assignment (fault type D1)
for testing dynamic network support

test equipment | Test object

U L1
Conn(_actlon Vv L2
terminals

W L3

Table X27b — Cyclically exchanged terminal assignment (fault type D2)
for testing dynamic network support

test equipment | Test object

U L3
Conn(_actlon Vv L1
terminals

W L2

The recording must begin at least 10 s before the fault occurs. After a fault clearance (voltage in the range
0.85 U, = U, =1.1U,), the recording must continue for at least another 60 s.

For two consecutive test runs per test, the network fault must be fully traversed for the test to pass.

A direct temporal relationship between test and test repetition is not normatively required if the accredited
testing laboratory ensures and confirms that the PGU has not been changed between test and test
repetition either in hardware or in software.
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Table 18 — Dynamic network support test for Type 2 PGU and storage unit

Test | Voltage depth in Fault type Fault duration Load Reactive Test-
[p.u.] in [ms] power number
before
Test
Q/Pe [%]
Full load 1.1
A
at 0,15pu 2150 Partial load 1.2
1 0,15... 0,25 0to +10%
at 0,25pu 2557 Full load 1.3
D
Partial load 1.4
Full load 2.1
A .
at 0,5pu 21575 Partial load | maXximum 2.2
2 0,50 ... 0,60 overexcite
at 0,6pu >2000 Full load d 2.3
D
Partial load 2.4
Full load 3.1
A .
at 0,5pu 21575 Partial load | Mmaximum 3.2
3 0,50 ... 0,60 underexcit
at 0,6pu 22000 Full load ed 3.3
D
Partial load 3.4
Full load 4.1
A
Partial load 4.2
4 0,85... 0,90 >60000 0 to £10%
Full load 4.3
D
Partial load 4.4
Full load 5.1
A
Partial load 5.2
5 1,20 ... 1,25 2100 0 to £10%
Full load 5.3
D
Partial load 5.4
Full load 6.1
A
Partial load 6.2
6 1,15... 1,20 >5000 0 to £10%
Full load 6.3
D
Partial load 6.4
Full load 7.1
A
Partial load 7.2
7 1,10 ... 1,15 >60000 0 to £10%
Full load 7.3
D
Partial load 7.4
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Reference Value
No. Parameter Phase reference e [Uni]
0 Test nummer - - 1.1
1 Date - - 3/17/2020 [dd.mm.yyyy]
Ti Start of
2 ime (Start 0 - - 8:40:55 PM [hh:mm:ss.f]
tests)
3 Fault type (phases) | — - Three-phases
Drop depth
4 P ) P Phase - phase - 0,13 [p.u]
setpoint
Drop duration
5 . — — 170 [ms]
setpoint
Time point of fault
6 Total - 71,124 [s]
occurrence (t1)
i i Ti int of fault
General information - ime point of fau Total _ 70,954 [s]
clearance (t2)
Fault duration in no
8 Total — 170 [ms]
load test
t1+100 ms to t2 0,132 [p.u.]
9 L1-N t,-10 s to t1 1,007 [p.u.]
t1+100 ms to t2 0,131 [p.u.]
10 | Voltage drop depth | L2-N t-10s to t1 1,000 [p.u]
or voltage increase £,+100 ms to t2 0.131 [p.u]
11 |in no load test L3-N {10stotl 1'001 bl
1 , p.u.
t1+100 ms to t2 0,131 [p.u.]
12 Positive sequence {105 totl 0'999 bl
13 L1-N voltage t-10stott 1,007 [p.u.]
14 o L2-N voltage t-10stott 1,000 [p.u.]
oltage
15 9 L3-N voltage t-10stot 1,001 [p.u.]
16 Positive sequence t-10stott 0,999 [p.u.]
t,-500 ms to t,-
17 L1 1,005 [p.u.]
100 ms
t,-500 ms to t,-
18 L2 1,007 [p.u]
100 ms
t,-500 ms to t,-
19 L3 1,007 [p.u]
Before drop Current 100 ms
<t1 2 Positive sequence_active | {-500 ms to £,- 1,006 [p.u]
component 100 ms ' p-t-
Positive t,-500 ms to t,-
21 sequence_reactive 100 ms 0,001 [p.u.]
component
2 | Total t-10stot, 1,009 [p.u.]
ctive power
23 P Positive sequence t-10stot, 1,009 [p.u.]
24 | Total t-10stot, 0,001 [p.u]
eactive power
25 P Positive sequence t-10stot, 0,001 [p.u.]
26 | cos @ - t-10stot, 1,000 [p.u.]
t,+100 to t,-
27 L1-N voltage 20 ms 0,131 [p.u.]
t,+100 to t,-
28 L2-N voltage 20 ms 0,131 [p.u.]
voltage
Duri d t,+100 to t,-
uring drop 29 L3-N voltage ! 2 0,131 [p.u.]
t1tot2 20 ms
t,+100 to t,-
30 Positive sequence 20 ms 0,131 [p.u.]
3| t Phase L1 t,+60 ms 0,059 [p.u]
ase curren
32 Phase L2 t,+60 ms 0,057 [p.u]
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Reference Value
No. Parameter Phase reference e [Uni]
33 Phase L3 £,+60 ms 0,056 [p.u]
34 Phase L1 t; +100 ms 0,058 [p.u]
35 | Phase current Phase L2 t; +100 ms 0,057 [p.u.]
36 Phase L3 t; +100 ms 0,058 [p.u]
t,+100 ms to £,-
37 Total 20 ms 0,008 [p.u.]
Active power t,+100 ms to t,-
38 Positive sequence 20 ms 0,008 [p.u.]
t,+1s to
39 L1-N voltage £+10's 1,007 [p.u.]
2
t,+1s to
40 L2-N voltage £+10's 1,000 [p.u.]
2
Voltage t,+1s to
41 L3-N voltage £+10's 1,001 [p.u.]
2
t,+1s to
42 Positive sequence £+10's 0,999 [p.u.]
2
t,+1s to
43 Total £+10's 1,001 [p.u.]
2
Active power t+1sto
2
After drop 44 Positive sequence £+10's 1,001 [p.u.]
2
>t2
45 | Active power rising | Total - 0,355 [s]
46 | time Positive sequence - 0,355 [s]
47 _ Total ,+10s 0,001 [p.u.]
Reactive power — t+10s
48 Positive sequence 2 0,001 [p.u.]
49 | Reactive power Total — - [s]
50 | rising time Positive sequence - - [s]
PGU does not
disconnected from
51 | the grid till 60 s - t, to t,+60s —yes
after the end of the
fault
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Reference Value
No. Parameter Phase reference ) f u
period [Unit]
0 Test nummer — — 1.2
1 Date - - 3/17/2020 [dd.mm.yyyy]
2 Time (Start of tests) | — — 8:33:53 PM [hh:mm:ss.f]
3 Fault type (phases) |- - Three-phases
4 Drop depth setpoint | Phase - phase - 0,13 [p.u]
D durati
5 rop . uration B _ 170 [ms]
setpoint
Time point of fault
6 Total - -71,103 [s]
occurrence (t1)
Time point of fault
7 Total - -70,933 [s]
clearance (t2)
) ) 8 Fault duration in no Total 170 [ms]
General information load test
t1+100 ms to t2 0,132 [p.u.]
9 L1-N
t-10stott 1,005 [p.u.]
t1+100 ms to t2 0,132 [p.u.]
10 L2-N
Voltage drop depth t-10stott 0,998 [p.u]
or voltage increase
in no load test £,+100 ms to t2 0,130 [p.u.]
1" L3-N
t,-10 s to t1 0,998 [p.u.]
12 Positive sequence o metot2 0.1311p.ul
t1-10 stotl 0,996 [p.u.]
13 L1-N voltage t-10stott 1,005 [p.u.]
L3N L2-N voltage t-10stott 0,998 [p.u.]
oltage
15 9 L3-N voltage t-10stott 0,998 [p.u.]
16 Positive sequence t-10stott 0,996 [p.u.]
t,-500 ms to t,-
17 L1 0,202 [p.u.]
100 ms
t,-500 ms to t,-
18 L2 0,200 [p.u.]
100 ms
t,-500 ms to t,-
19 L3 100 ms 0,202 [p.u.]
Before drop Current —
<t1 Positive t,-500 ms to t,-
20 sequence_active 100 ms 0,201 [p.u.]
component
Positive t,-500 ms to t,-
21 sequence_reactive 100 ms 0,002 [p.u.]
component
2 | Total t-10stot, 0,201 [p.u]
ctive power
23 P Positive sequence t-10stot, 0,201 [p.u.]
24 | Total t-10stot, 0,002 [p.u]
eactive power
25 P Positive sequence t-10stot, 0,002 [p.u.]
26 | cos @ - t-10stot, 1,000 [p.u.]
t,+100 to t,-
1 2
27 L1-N voltage 0,131 [p.u.
voltag 20 ms [p.ul
During drop t,+100 to £,
28 | voltage L2-N voltage 0,131 [p.u.]
t1tot2 20 ms
t,+100 to t,-
29 L3-N voltage 0,130 [p.u.]
20 ms
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Reference Value
No. Parameter Phase reference ) f u
period [Unit]
t,+100 to £,-
30 Positive sequence 0,130 [p.u.]
20 ms
31 Phase L1 t,+60 ms 0,057 [p.u.]
32 Phase current Phase L2 t1+60 ms 0,056 [pu]
33 Phase L3 t,+60 ms 0,059 [p.u.]
34 Phase L1 t; +100 ms 0,058 [p.u.]
35 | Phase current Phase L2 t, +100 ms 0,057 [p.u.]
36 Phase L3 t, +100 ms 0,058 [p.u.]
t,+100 ms to ¢,-
37 Total 0,008 [p.u.]
. 20 ms
Active power t,+100 ms to t,-
38 Positive sequence 0,008 [p.u.]
20 ms
39 L1-N voltage L*1stof,+10s 1,005 [p.u.]
40 Vot L2-N voltage L*1stof,+10s 0,998 [p.u.]
oltage
41 9 L3-N voltage L*1stot,+10s 0,998 [p.u.]
42 Positive sequence L*1stot,+10s 0,996 [p.u.]
I Total L*1stot,+10s 0,195 [p.u.]
ctive power
44 P Positive sequence L*1stof,+10s 0,195 [p.u.]
45 | Active power rising | Total - 0,107 [s]
After drop 46 | time Positive sequence - 0,107 [s]
>t2 47 _ Total ,*10s 0,002 [p.u.]
Reactive power — t+10
48 Positive sequence 2 S 0,002 [p.u.]
49 | Reactive power Total - -[s]
50 | rising time Positive sequence - - [s]
PGU does not
51 disconnected from t, to t,+60s _yes
the grid till 60 s after
the end of the fault
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Reference Value
No. Parameter Phase reference ) f u
period [Unit]
0 Test nummer — — 1.3-D1
1 Date - - 11/20/2019 [dd.mm.yyyy]
2 Time (Start of tests) | — — 5:15:29 PM [hh:mm:ss.f]
3 Fault type (phases) |- - Two-phases
4 Drop depth setpoint | Phase - phase - 0,13 [p.u]
D durati
5 rop . uration B _ 170 [ms]
setpoint
Time point of fault
6 Total - -69,364 [s]
occurrence (t1)
Time point of fault
7 Total - -69,195 [s]
clearance (t2)
) ) 8 Fault duration in no Total 170 [ms]
General information load test
t1+100 ms to t2 0,132 [p.u.]
9 L1-N
t;-10stott 1,007 [p.u.]
t1+100 ms to t2 0,872 [p.u.]
10 L2-N
Voltage drop depth t-10stott 1,000 [p.u]
or voltage increase
in no load test £,+100 ms to t2 0,869 [p.u.]
1" L3-N
t;-10stott 1,001 [p.u.]
12 Positive sequence o metot2 0.568 [p.u]
t1-10 stotl 0,999 [p.u.]
13 L1-N voltage t-10stott 1,007 [p.u.]
L3N L2-N voltage t-10stott 1,000 [p.u.]
oltage
15 9 L3-N voltage t-10stott 1,001 [p.u.]
16 Positive sequence t-10stott 0,999 [p.u.]
t,-500 ms to t,-
17 L1 1,006 [p.u.]
100 ms
t,-500 ms to t,-
18 L2 1,009 [p.u.]
100 ms
t,-500 ms to t,-
19 L3 100 ms 1,008 [p.u.]
Before drop Current —
<t1 Positive t,-500 ms to t,-
20 sequence_active 100 ms 1,007 [p.u.]
component
Positive t,-500 ms to t,-
21 sequence_reactive 100 ms 0,001 [p.u.]
component
2 | Total ti-10stot 1,010 [p.u.]
ctive power
23 P Positive sequence t-10stot, 1,010 [p.u.]
24 | Total ti-10stot, 0,001 [p.u.]
eactive power
25 P Positive sequence t-10stot, 0,001 [p.u.]
26 | cos @ - t-10stot, 1,000 [p.u.]
t,+100 to t,-
1 2
27 L1-N voltage 0,131 [p.u.
voltag 20 ms [p.ul
During drop t,+100 to £,
28 | voltage L2-N voltage 0,871 [p.u.]
t1tot2 20 ms
t,+100 to t,-
29 L3-N voltage 0,870 [p.u.]
20 ms
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Reference Value
No. Parameter Phase reference ) f u
period [Unit]
£,+100 to f,-
30 Positive sequence 0,568 [p.u.]
20 ms
31 Phase L1 t,+60 ms 0,079 [p.u.]
32 Phase current Phase L2 t1+60 ms 0,020 [pu]
33 Phase L3 t,+60 ms 0,027 [p.u.]
34 Phase L1 t; +100 ms 0,066 [p.u.]
35 | Phase current Phase L2 t, +100 ms 0,029 [p.u.]
36 Phase L3 t, +100 ms 0,036 [p.u.]
t,+100 ms to ¢,-
37 Total 0,029 [p.u.]
. 20 ms
Active power t,+100 ms to t,-
38 Positive sequence 0,029 [p.u.]
20 ms
39 L1-N voltage L*1stof,+10s 1,007 [p.u.]
40 | L2-N voltage [t1stot,+10s 1,001 [p.u.]
oltage
41 9 L3-N voltage Lt1stot,+10s 1,001 [p.u.]
42 Positive sequence L*1stot,+10s 0,999 [p.u.]
I Total L*1stot,+10s 1,001 [p.u.]
ctive power
44 P Positive sequence L*1stof,+10s 1,001 [p.u.]
45 | Active power rising | Total - 0,367 [s]
After drop 46 | time Positive sequence - 0,367 [s]
>t2 47 _ Total ,*10s 0,001 [p.u.]
Reactive power — t+10
48 Positive sequence 2 S 0,001 [p.u.]
49 | Reactive power Total - -[s]
50 | rising time Positive sequence - - [s]
PGU does not
51 disconnected from t, to t,+60s _yes
the grid till 60 s after
the end of the fault
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Value

No. | Parameter Phase reference Reference period [Uni]
0 | Test nummer — — 1.3-D2
1 Date - - 3/27/2020 [dd.mm.yyyy]
2 | Time (Start of tests) |— — 12:22:53 PM [hh:mm:ss.f]
3 | Fault type (phases) |- - Two-phases
4 | Drop depth setpoint | Phase - phase - 0,13 [p.u]
Drop duration
5 P - - 170 [ms]
setpoint
Time point of fault
6 Total - -73,325 [s]
occurrence (t1)
Time point of fault
7 Total - -73,156 [s]
clearance (t2)
) ) 8 Fault duration in no Total 170 [ms]
General information load test
t1+100 ms to t2 0,875 [p.u.]
9 L1-N
t;-10stott 1,007 [p.u.]
t1+100 ms to t2 0,131 [p.u.]
10 L2-N
Voltage drc.Jp depth t-10stott 1,000 [p.u]
or voltage increase
in no load test £,+100 ms to t2 0,871 [p.u]
1" L3-N
t;-10stott 1,001 [p.u.]
t1+100 ms to t2 0,569 [p.u.]
12 Positive sequence
t1-10 stotl 0,999 [p.u.]
13 L1-N voltage t-10stott 1,007 [p.u.]
14 L2-N voltage t-10stott 1,000 [p.u.]
Voltage t-10's to t1
15 L3-N voltage - 1usto 1,001 [p.u.]
16 Positive sequence t-10stott 0,999 [p.u.]
t,-500 ms to t,-
17 L1 1,009 [p.u.]
100 ms
t,-500 ms to t,-
18 L2 1,003 [p.u.]
100 ms
t,-500 ms to t,-
19 L3 1,010 [p.u.]
100 ms
Before drop Current —
<t1 Positive t,-500 ms to t,-
20 sequence_active 1,007 [p.u.]
100 ms
component
Positive t,-500 ms to t,-
21 sequence_reactive 0,001 [p.u.]
100 ms
component
22 _ Total t-10stot, 1,010 [p.u.]
Active power — t-10stot
23 Positive sequence p1ustol 1,010 [p.u.]
24 _ Total t-10stot, 0,001 [p.u]
Reactive power — t-10stot
25 Positive sequence ;s 1lustoly 0,001 [p.u.]
26 |cos @ - t-10stot, 1,000
t,+100 to t,-
27 L1-N voltage 0,875 [p.u.]
20 ms
During drop t,+100 to £,
28 |voltage L2-N voltage 0,131 [p.u.]
t1tot2 20 ms
t,+100 to t,-
29 L3-N voltage 0,872 [p.u.]
20 ms
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Value
No. | Parameter Phase reference Reference period [Uni]
£,+100 to f,-
30 Positive sequence 0,569 [p.u.]
20 ms
31 Phase L1 £,+60 ms 0,032 [p.u]
32 Phase current Phase L2 t1+60 ms 0,073 [pu]
33 Phase L3 t,+60 ms 0,027 [p.u.]
34 Phase L1 t, +100 ms 0,039 [p.u.]
35 |Phase current Phase L2 t; +100 ms 0,063 [p.u.]
36 Phase L3 t, +100 ms 0,033 [p.u]
t,+100 ms to ¢,-
37 Total 0,029 [p.u.]
. 20 ms
Active power t,+100 ms to t,-
38 Positive sequence 0,029 [p.u.]
20 ms
39 L1-N voltage L*1stof,+10s 1,007 [p.u.]
40 | L2-N voltage [t1stot,+10s 1,000 [p.u.]
oltage
41 9 L3-N voltage Lt1stot,+10s 1,001 [p.u.]
42 Positive sequence L*1stot,+10s 0,999 [p.u.]
LI Total L*1stot,+10s 1,000 [p.u.]
ctive power
44 P Positive sequence L*1stot,+10s 1,000 [p.u.]
45 | Active power rising Total - 0,369 [s]
After drop 46 |time Positive sequence - 0,369 [s]
>t2 47 _ Total ,*10s 0,001 [p.u.]
Reactive power — t+10
48 Positive sequence 2 S 0,001 [p.u.]
49 | Reactive power Total - -[s]
50 |rising time Positive sequence - - [s]
PGU does not
51 disconnected from t, to t,+60s _yes
the grid till 60 s after
the end of the fault
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Value

No. | Parameter Phase reference Reference period [Uni]
0 | Test nummer — — 1.4
1 Date — — 3/18/2020 [dd.mm.yyyy]
2 | Time (Start of tests) |— — 9:24:53 AM [hh:mm:ss.f]
3 | Fault type (phases) |- - Two-phases
4 | Drop depth setpoint | Phase - phase - 0,13 [p.u]
Drop duration
5 P - - 170 [ms]
setpoint
Time point of fault
6 Total - -71,200 [s]
occurrence (t1)
Time point of fault
7 Total - -71,030 [s]
clearance (t2)
) ) 8 Fault duration in no Total 170 [ms]
General information load test
t1+100 ms to t2 0,132 [p.u.]
9 L1-N
t-10stott 1,005 [p.u.]
t1+100 ms to t2 0,872 [p.u.]
10 L2-N
Volt drop depth
oltage r?p ep t,-10 s to t1 0,998 [p.u.]
or voltage increase
in no load test £,+100 ms to t2 0,871 [p.u]
1" L3-N
t,-10 s to t1 0,998 [p.u.]
t1+100 ms to t2 0,569 [p.u.]
12 Positive sequence
t1-10 stotl 0,996 [p.u.]
13 L1-N voltage t-10stott 1,005 [p.u.]
14 L2-N voltage t-10stott 0,998 [p.u.]
Voltage t-10's to t1
15 L3-N voltage - 1usto 0,998 [p.u.]
16 Positive sequence t-10stott 0,996 [p.u.]
t,-500 ms to t,-
17 L1 0,202 [p.u.]
100 ms
t,-500 ms to t,-
18 L2 0,200 [p.u.]
100 ms
t,-500 ms to t,-
19 L3 0,202 [p.u.]
100 ms
Before drop Current —
<t1 Positive t,-500 ms to t,-
20 sequence_active 0,201 [p.u.]
100 ms
component
Positive t,-500 ms to t,-
21 sequence_reactive 0,002 [p.u.]
100 ms
component
22 _ Total t-10stot, 0,202 [p.u]
Active power — t-10stot
23 Positive sequence p1ustol 0,202 [p.u.]
24 _ Total t-10stot, 0,002 [p.u]
Reactive power — t-10stot
25 Positive sequence ;s 1lustoly 0,002 [p.u.]
26 | cos @ - t-10stot, 1,000 [p.u.]
t,+100 to t,-
27 L1-N voltage 0,131 [p.u.
voltag 20 ms [p.ul
During drop t,+100 to £,
28 |voltage L2-N voltage 0,872 [p.u.]
t1tot2 20 ms
t,+100 to t,-
29 L3-N voltage 0,871 [p.u.]
20 ms
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Value
No. | Parameter Phase reference Reference period [Uni]
£,+100 to f,-
30 Positive sequence 0,569 [p.u.]
20 ms
31 Phase L1 £,+60 ms 0,069 [p.u]
32 Phase current Phase L2 t1+60 ms 0,035 [pu]
33 Phase L3 t,+60 ms 0,026 [p.u.]
34 Phase L1 t, +100 ms 0,065 [p.u.]
35 |Phase current Phase L2 t; +100 ms 0,036 [p.u.]
36 Phase L3 t, +100 ms 0,033 [p.u]
t,+100 ms to ¢,-
37 Total 0,029 [p.u.]
. 20 ms
Active power t,+100 ms to t,-
38 Positive sequence 0,029 [p.u.]
20 ms
39 L1-N voltage L*1stof,+10s 1,005 [p.u.]
40 Vot L2-N voltage L*1stof,+10s 0,998 [p.u.]
oltage
41 9 L3-N voltage L*1stot,+10s 0,998 [p.u.]
42 Positive sequence L*1stot,+10s 0,996 [p.u.]
LI Total L*1stot,+10s 0,196 [p.u.]
ctive power
44 P Positive sequence L*1stot,+10s 0,196 [p.u.]
45 | Active power rising Total - 0,098 [s]
After drop 46 |time Positive sequence - 0,098 [s]
>t2 47 _ Total ,*10s 0,002 [p.u.]
Reactive power — t+10
48 Positive sequence 2 S 0,002 [p.u.]
49 | Reactive power Total - - [s]
50 |rising time Positive sequence - - [s]
PGU does not
51 disconnected from t, to t,+60s _yes
the grid till 60 s after
the end of the fault
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Value

No. | Parameter Phase reference Reference period [Uni]
0 | Test nummer — — 2.1
1 Date - - 3/17/2020 [dd.mm.yyyy]
2 | Time (Start of tests) |— — 8:20:44 PM [hh:mm:ss.f]
3 | Fault type (phases) |- - Three-phases
4 | Drop depth setpoint | Phase - phase - 0,49 [p.u]
Drop duration
5 P - - 1700 [ms]
setpoint
Time point of fault
6 Total - -67,238 [s]
occurrence (t1)
Time point of fault
7 Total - -65,538 [s]
clearance (t2)
) ) 8 Fault duration in no Total 1700 [ms]
General information load test
t1+100 ms to t2 0,491 [p.u.]
9 L1-N
t;-10stott 1,015 [p.u.]
t1+100 ms to t2 0,488 [p.u.]
10 L2-N
Voltage drc.Jp depth t-10stott 1,008 [p.u]
or voltage increase
in no load test £,+100 ms to t2 0,488 [p.u.]
1" L3-N
t-10stott 1,008 [p.u.]
t1+100 ms to t2 0,487 [p.u.]
12 Positive sequence
t1-10 stotl 1,006 [p.u.]
13 L1-N voltage t-10stott 1,015 [p.u.]
14 L2-N voltage t-10stott 1,008 [p.u.]
Voltage t-10's to t1
15 L3-N voltage - 1usto 1,008 [p.u.]
16 Positive sequence t-10stott 1,006 [p.u.]
t,-500 ms to t,-
17 L1 1,107 [p.u.]
100 ms
t,-500 ms to t,-
18 L2 1,103 [p.u.]
100 ms
t,-500 ms to t,-
19 L3 1,105 [p.u.]
100 ms
Before drop Current —
<t1 Positive t,-500 ms to t,-
20 sequence_active 0,995 [p.u.]
100 ms
component
Positive t,-500 ms to t,-
21 sequence_reactive 0,481 [p.u.]
100 ms
component
22 _ Total ti-10stot, 1,004 [p.u.]
Active power — t-10stot
23 Positive sequence p1ustol 1,004 [p.u.]
24 _ Total t-10stot, 0,486 [p.u]
Reactive power — t-10stot
25 Positive sequence ;s 1lustoly 0,486 [p.u.]
26 | cos @ - t-10stot, 0,900 [p.u]
t,+100 to t,-
27 L1-N voltage 0,491 [p.u.
voltag 20 ms [p.ul
During drop t,+100 to £,
28 |voltage L2-N voltage 0,488 [p.u.]
t1tot2 20 ms
t,+100 to t,-
29 L3-N voltage 0,488 [p.u.]
20 ms
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Value
No. | Parameter Phase reference Reference period [Uni]
t,+100 to t,-
30 Positive sequence 0,487 [p.u.]
20 ms
31 Phase L1 £,+60 ms 0,066 [p.u]
32 Phase current Phase L2 t1+60 ms 0,062 [p.u.]
33 Phase L3 t;+60 ms 0,061 [p.u.]
34 Phase L1 t; +100 ms 0,061 [p.u.]
35 |Phase current Phase L2 t, +100 ms 0,059 [p.u.]
36 Phase L3 t, +100 ms 0,059 [p.u.]
t,+100 ms to ¢,-
37 Total 0,029 [p.u.]
. 20 ms
Active power t,+100 ms to t,-
38 Positive sequence 0,029 [p.u.]
20 ms
39 L1-N voltage L*1stof,+10s 1,012 [p.ul]
40 | L2-N voltage [t1stot,+10s 1,005 [p.u.]
oltage
41 9 L3-N voltage Lt1stot,+10s 1,005 [p.u.]
42 Positive sequence L*1stot,+10s 1,003 [p.u.]
LI Total L*1stot,+10s 0,989 [p.u.]
ctive power
44 P Positive sequence L*1stot,+10s 0,989 [p.u.]
45 | Active power rising Total - 0,350 [s]
After drop 46 |time Positive sequence - 0,350 [s]
>t2 47 _ Total ,*10s 0,464 [p.u.]
Reactive power — t+10
48 Positive sequence 2 S 0,464 [p.u.]
49 | Reactive power Total - 9,656 [s]
50 |risingtime Positive sequence - 9,656 [s]
PGU does not
51 disconnected from t, to t,+60s _yes
the grid till 60 s after
the end of the fault
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Value

No. | Parameter Phase reference Reference period [Uni]
0 | Test nummer — — 2.2
1 Date - - 3/17/2020 [dd.mm.yyyy]
2 | Time (Start of tests) |— — 8:27:21 PM [hh:mm:ss.f]
3 | Fault type (phases) |- - Three-phases
4 | Drop depth setpoint | Phase - phase - 0,49 [p.u]
Drop duration
5 P - - 1700 [ms]
setpoint
Time point of fault
6 Total - -70,723 [s]
occurrence (t1)
Time point of fault
7 Total - -69,023 [s]
clearance (t2)
) ) 8 Fault duration in no Total 1700 [ms]
General information load test
t1+100 ms to t2 0,491 [p.u.]
9 L1-N
t-10stott 1,006 [p.u.]
t1+100 ms to t2 0,488 [p.u.]
10 L2-N
Volt drop depth
orage crop dep t;-10s totl 0,999 [p.u.]
or voltage increase
in no load test £,+100 ms to t2 0,488 [p.u.]
1" L3-N
t,-10 s to t1 0,999 [p.u.]
t1+100 ms to t2 0,487 [p.u.]
12 Positive sequence
t1-10 stotl 0,997 [p.u.]
13 L1-N voltage t-10stott 1,006 [p.u.]
14 L2-N voltage t-10stott 0,999 [p.u.]
Voltage t-10's to t1
15 L3-N voltage - 1usto 0,999 [p.u.]
16 Positive sequence t-10stott 0,997 [p.u.]
t,-500 ms to t,-
17 L1 0,225 [p.u.]
100 ms
t,-500 ms to t,-
18 L2 0,223 [p.u.]
100 ms
t,-500 ms to t,-
19 L3 0,225 [p.u.]
100 ms
Before drop Current —
<t1 Positive t,-500 ms to t,-
20 sequence_active 0,202 [p.u.]
100 ms
component
Positive t,-500 ms to t,-
21 sequence_reactive 0,098 [p.u.]
100 ms
component
22 _ Total t-10stot, 0,202 [p.u]
Active power — t-10stot
23 Positive sequence p1ustol 0,202 [p.u.]
24 _ Total t-10stot, 0,099 [p.u]
Reactive power — t-10stot
25 Positive sequence ;s 1lustoly 0,099 [p.u.]
26 | cos @ - t-10stot, 0,898 [p.u]
t,+100 to t,-
27 L1-N voltage 0,491 [p.u.
voltag 20 ms [p.ul
During drop t,+100 to £,
28 |voltage L2-N voltage 0,488 [p.u.]
t1tot2 20 ms
t,+100 to t,-
29 L3-N voltage 0,488 [p.u.]
20 ms
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Value
No. | Parameter Phase reference Reference period [Uni]
t,+100 to t,-
30 Positive sequence 0,487 [p.u.]
20 ms
31 Phase L1 £,+60 ms 0,068 [p.u]
32 Phase current Phase L2 t1+60 ms 0,062 [pu]
33 Phase L3 t;+60 ms 0,062 [p.u]
34 Phase L1 t, +100 ms 0,062 [p.u.]
35 | Phase current Phase L2 t; +100 ms 0,059 [p.u]
36 Phase L3 t, +100 ms 0,061 [p.u.]
t,+100 ms to ¢,-
37 Total 0,029 [p.u.]
. 20 ms
Active power t,+100 ms to t,-
38 Positive sequence 0,029 [p.u.]
20 ms
39 L1-N voltage L*1stof,+10s 1,006 [p.u.]
40 Vot L2-N voltage L*1stof,+10s 0,999 [p.u.]
oltage
41 9 L3-N voltage L*1stot,+10s 0,999 [p.u.]
42 Positive sequence L*1stot,+10s 0,997 [p.u.]
LI Total L*1stot,+10s 0,194 [p.u.]
ctive power
44 P Positive sequence L*1stot,+10s 0,194 [p.u]
45 | Active power rising Total - 0,110 [s]
After drop 46 |time Positive sequence - 0,110 [s]
>t2 47 _ Total ,*10s 0,095 [p.u.]
Reactive power — t+10
48 Positive sequence 2 S 0,095 [p.u.]
49 | Reactive power Total - 7,57 [s]
50 |rising time Positive sequence - 7,57 [s]
PGU does not
51 disconnected from t, to t,+60s _yes
the grid till 60 s after
the end of the fault
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Value

No. | Parameter Phase reference Reference period [Uni]
0 Test nummer — — 2.3
1 Date — — 3/18/2020 [dd.mm.yyyy]
2 | Time (Start of tests) |— — 9:33:12 AM [hh:mm:ss.f]
3 | Fault type (phases) |- - Two-phases
4 | Drop depth setpoint | Phase - phase - 0,49 [p.u]
Drop duration
5 P - - 1700 [ms]
setpoint
Time point of fault
6 Total - 72,202 [s]
occurrence (t1)
Time point of fault
7 Total - -70,502 [s]
clearance (t2)
) ) 8 Fault duration in no Total 1700 [ms]
General information load test
t1+100 ms to t2 0,491 [p.u.]
9 L1-N
t;-10stott 1,014 [p.u.]
t1+100 ms to t2 0,897 [p.u.]
10 L2-N
Voltage drc.Jp depth t-10stott 1,007 [p.u]
or voltage increase
in no load test £,+100 ms to t2 0,897 [p.u.]
1" L3-N
t;-10stott 1,007 [p.u.]
t1+100 ms to t2 0,742 [p.u.]
12 Positive sequence
t1-10 stot1 1,005 [p.u.]
13 L1-N voltage t-10stott 1,014 [p.u.]
14 L2-N voltage t-10stott 1,007 [p.u.]
Voltage t-10's to t1
15 L3-N voltage - 1usto 1,007 [p.u.]
16 Positive sequence t-10stott 1,005 [p.u.]
t,-500 ms to t,-
17 L1 1,106 [p.u.]
100 ms
t,-500 ms to t,-
18 L2 1,102 [p.u.]
100 ms
t,-500 ms to t,-
19 L3 1,105 [p.u.]
100 ms
Before drop Current —
<t1 Positive t,-500 ms to t,-
20 sequence_active 0,994 [p.u.]
100 ms
component
Positive t,-500 ms to t,-
21 sequence_reactive 0,481 [p.u.]
100 ms
component
22 _ Total ti-10stot, 1,004 [p.u.]
Active power — t-10stot
23 Positive sequence p1ustol 1,004 [p.u.]
24 _ Total t-10stot, 0,485 [p.u]
Reactive power — t-10stot
25 Positive sequence ;s 1lustoly 0,485 [p.u.]
26 | cos @ - t-10stot, 0,900 [p.u]
t,+100 to t,-
27 L1-N voltage 0,491 [p.u.
voltag 20 ms [p.ul
During drop t,+100 to £,
28 |voltage L2-N voltage 0,897 [p.u.]
t1tot2 20 ms
t,+100 to t,-
29 L3-N voltage 0,897 [p.u.]
20 ms
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Value
No. | Parameter Phase reference Reference period [Uni]
t,+100 to t,-
30 Positive sequence 0,742 [p.u.]
20 ms
31 Phase L1 £,+60 ms 0,070 [p.u]
32 Phase current Phase L2 t1+60 ms 0,043 [pu]
33 Phase L3 t,+60 ms 0,041 [p.u]
34 Phase L1 t, +100 ms 0,065 [p.u.]
35 | Phase current Phase L2 t; +100 ms 0,044 [p.u]
36 Phase L3 t, +100 ms 0,045 [p.u.]
t,+100 ms to ¢,-
37 Total 0,037 [p.u.]
. 20 ms
Active power t,+100 ms to t,-
38 Positive sequence 0,037 [p.u.]
20 ms
39 L1-N voltage L*1stof,+10s 1,012 [p.ul]
40 | L2-N voltage [t1stot,+10s 1,005 [p.u.]
oltage
41 9 L3-N voltage Lt1stot,+10s 1,005 [p.u.]
42 Positive sequence L*1stot,+10s 1,003 [p.u.]
LI Total L*1stot,+10s 0,990 [p.u.]
ctive power
44 P Positive sequence L*1stot,+10s 0,990 [p.u.]
45 | Active power rising Total - 0,360 [s]
After drop 46 |time Positive sequence - 0,360 [s]
>t2 47 _ Total ,*10s 0,463 [p.u.]
Reactive power — t+10
48 Positive sequence 2 S 0,463 [p.u.]
49 | Reactive power Total - 9,494 [s]
50 |risingtime Positive sequence - 9,494 [s]
PGU does not
51 disconnected from t, to t,+60s _yes
the grid till 60 s after
the end of the fault
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Value

No. | Parameter Phase reference Reference period [Uni]
0 | Test nummer — — 2.4
1 Date — — 3/18/2020 [dd.mm.yyyy]
2 | Time (Start of tests) |— — 9:39:03 AM [hh:mm:ss.f]
3 | Fault type (phases) |- - Two-phases
4 | Drop depth setpoint | Phase - phase - 0,49 [p.u]
Drop duration
5 P - - 1700 [ms]
setpoint
Time point of fault
6 Total - -83,868 [s]
occurrence (t1)
Time point of fault
7 Total - -82,169 [s]
clearance (t2)
) ) 8 Fault duration in no Total 1699 [ms]
General information load test
t1+100 ms to t2 0,491 [p.u.]
9 L1-N
t-10stott 1,006 [p.u.]
t1+100 ms to t2 0,897 [p.u.]
10 L2-N
Volt drop depth
oltage r?p ep t,-10 s to t1 0,999 [p.u.]
or voltage increase
in no load test £,+100 ms to t2 0,897 [p.u.]
1" L3-N
t,-10 s to t1 0,999 [p.u.]
t1+100 ms to t2 0,742 [p.u.]
12 Positive sequence
t1-10 stotl 0,997 [p.u.]
13 L1-N voltage t-10stott 1,006 [p.u.]
14 L2-N voltage t-10stott 0,999 [p.u.]
Voltage t-10's to t1
15 L3-N voltage - 1usto 0,999 [p.u.]
16 Positive sequence t-10stott 0,997 [p.u.]
t,-500 ms to t,-
17 L1 0,224 [p.u.]
100 ms
t,-500 ms to t,-
18 L2 0,223 [p.u.]
100 ms
t,-500 ms to t,-
19 L3 0,225 [p.u.]
100 ms
Before drop Current —
<t1 Positive t,-500 ms to t,-
20 sequence_active 0,201 [p.u.]
100 ms
component
Positive t,-500 ms to t,-
21 sequence_reactive 0,098 [p.u.]
100 ms
component
22 _ Total t-10stot, 0,202 [p.u]
Active power — t-10stot
23 Positive sequence p1ustol 0,202 [p.u.]
24 _ Total t-10stot, 0,099 [p.u]
Reactive power — t-10stot
25 Positive sequence ;s 1lustoly 0,099 [p.u.]
26 | cos @ - t-10stot, 0,898 [p.u]
t,+100 to t,-
27 L1-N voltage 0,491 [p.u.
voltag 20 ms [p.ul
During drop t,+100 to £,
28 |voltage L2-N voltage 0,897 [p.u.]
t1tot2 20 ms
t,+100 to t,-
29 L3-N voltage 0,897 [p.u.]
20 ms

TRF No. VDE-AR-N 4105:2018
Project No: 64.290.20.30220.01
Rev.: 00

Date: 2020-04-13

Page: 99 of 165

Telephone : +86 20 3832 0668
Telefax : +86 20 3832 0478

http://lwww.tuv-sud.cn

Tl V SI D Certification and Testing (China) Co.,
Ltd. Guangzhou Branch, Tl V Sl D Group

5F, Communication Building, 163 Pingyun Rd,
Huangpu Ave. West, Guangzhou 510656, P. R.

China




Value
No. | Parameter Phase reference Reference period [Uni]
t,+100 to t,-
30 Positive sequence 0,742 [p.u.]
20 ms
31 Phase L1 £,+60 ms 0,071 [p.u]
32 Phase current Phase L2 t1+60 ms 0,043 [p.u.]
33 Phase L3 t;+60 ms 0,040 [p.u]
34 Phase L1 t; +100 ms 0,067 [p.u.]
35 |Phase current Phase L2 t, +100 ms 0,045 [p.u.]
36 Phase L3 t, +100 ms 0,045 [p.u.]
t,+100 ms to ¢,-
37 Total 0,037 [p.u.]
. 20 ms
Active power t,+100 ms to t,-
38 Positive sequence 0,037 [p.u.]
20 ms
39 L1-N voltage L*1stof,+10s 1,006 [p.u.]
40 Vot L2-N voltage L*1stof,+10s 0,999 [p.u.]
oltage
41 9 L3-N voltage L*1stot,+10s 0,999 [p.u.]
42 Positive sequence L*1stot,+10s 0,997 [p.u.]
LI Total L*1stot,+10s 0,194 [p.u.]
ctive power
44 P Positive sequence L*1stot,+10s 0,194 [p.u]
45 | Active power rising Total - 0,095 [s]
After drop 46 |time Positive sequence - 0,095 [s]
>t2 47 _ Total ,*10s 0,095 [p.u.]
Reactive power — t+10
48 Positive sequence 2 S 0,095 [p.u.]
49 | Reactive power Total - 7,578 [s]
50 |risingtime Positive sequence - 7,578 [s]
PGU does not
51 disconnected from t, to t,+60s _yes
the grid till 60 s after
the end of the fault
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Value

No. | Parameter Phase reference Reference period [Uni]
0 Test nummer — — 3.1
1 Date - - 3/17/2020 [dd.mm.yyyy]
2 | Time (Start of tests) |— — 8:46:18 PM [hh:mm:ss.f]
3 | Fault type (phases) |- - Three-phases
4 | Drop depth setpoint | Phase - phase - 0,49 [p.u]
Drop duration
5 P - - 1700 [ms]
setpoint
Time point of fault
6 Total - -65,793 [s]
occurrence (t1)
Time point of fault
7 Total - -64,094 [s]
clearance (t2)
) ) 8 Fault duration in no Total 1699 [ms]
General information load test
t1+100 ms to t2 0,491 [p.u.]
9 L1-N
t;-10stott 1,001 [p.u.]
t1+100 ms to t2 0,488 [p.u.]
10 L2-N
Voltage drc.Jp depth t-10stott 0,994 [p.u]
or voltage increase
in no load test £,+100 ms to t2 0,488 [p.u.]
1" L3-N
t,-10 s to t1 0,995 [p.u.]
t1+100 ms to t2 0,487 [p.u.]
12 Positive sequence
t1-10 stotl 0,992 [p.u.]
13 L1-N voltage t-10stott 1,001 [p.u.]
14 L2-N voltage t-10stott 0,994 [p.u.]
Voltage t-10's to t1
15 L3-N voltage - 1usto 0,995 [p.u.]
16 Positive sequence t-10stott 0,992 [p.u.]
t,-500 ms to t,-
17 L1 1,120 [p.u.]
100 ms
t,-500 ms to t,-
18 L2 1,114 [p.u]
100 ms
t,-500 ms to t,-
19 L3 1,120 [p.u.]
100 ms
Before drop Current —
<t1 Positive t,-500 ms to t,-
20 sequence_active 1,007 [p.u.]
100 ms
component
Positive t,-500 ms to t,-
21 sequence_reactive -0,485 [p.u.]
100 ms
component
22 _ Total t-10stot, 1,003 [p.u.]
Active power — t-10stot
23 Positive sequence p1ustol 1,003 [p.u.]
24 _ Total t-10stot, 0,484 [p.ul]
Reactive power — t-10stot
25 Positive sequence ;s 1lustoly -0,484 [p.u.]
26 | cos @ - t-10stot, 0,901 [p.u]
t,+100 to t,-
27 L1-N voltage 0,491 [p.u.
voltag 20 ms [p.ul
During drop t,+100 to £,
28 |voltage L2-N voltage 0,488 [p.u.]
t1tot2 20 ms
t,+100 to t,-
29 L3-N voltage 0,488 [p.u.]
20 ms
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Value
No. | Parameter Phase reference Reference period [Uni]
t,+100 to t,-
30 Positive sequence 0,487 [p.u.]
20 ms
31 Phase L1 £,+60 ms 0,064 [p.u]
32 Phase current Phase L2 t1+60 ms 0,065 [pu]
33 Phase L3 t,+60 ms 0,059 [p.u.]
34 Phase L1 t, +100 ms 0,062 [p.u.]
35 |Phase current Phase L2 t; +100 ms 0,062 [p.u.]
36 Phase L3 t, +100 ms 0,060 [p.u.]
t,+100 ms to ¢,-
37 Total 0,029 [p.u.]
. 20 ms
Active power t,+100 ms to t,-
38 Positive sequence 0,029 [p.u.]
20 ms
39 L1-N voltage L*1stof,+10s 1,003 [p.u.]
40 Vot L2-N voltage L*1stof,+10s 0,996 [p.u.]
oltage
41 9 L3-N voltage L*1stot,+10s 0,996 [p.u.]
42 Positive sequence L*1stot,+10s 0,994 [p.u.]
LI Total L*1stot,+10s 0,988 [p.u.]
ctive power
44 P Positive sequence L*1stot,+10s 0,988 [p.u.]
45 | Active power rising Total - 0,351 [s]
After drop 46 |time Positive sequence - 0,351 [s]
>t2 47 _ Total ,*10s -0,459 [p.u.]
Reactive power — t+10
48 Positive sequence 2 S -0,459 [p.u.]
49 | Reactive power Total - 10,091 [s]
50 |risingtime Positive sequence — 10,091 [s]
PGU does not
51 disconnected from t, to t,+60s _yes
the grid till 60 s after
the end of the fault
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Value

No. | Parameter Phase reference Reference period [Uni]
0 Test nummer — — 3.2
1 Date - - 3/17/2020 [dd.mm.yyyy]
2 | Time (Start of tests) |— — 8:50:43 PM [hh:mm:ss.f]
3 | Fault type (phases) |- - Three-phases
4 | Drop depth setpoint | Phase - phase - 0,49 [p.u]
Drop duration
5 P - - 1700 [ms]
setpoint
Time point of fault
6 Total - -73,698 [s]
occurrence (t1)
Time point of fault
7 Total - -71,998 [s]
clearance (t2)
) ) 8 Fault duration in no Total 1700 [ms]
General information load test
t1+100 ms to t2 0,491 [p.u.]
9 L1-N
t;-10stott 1,004 [p.u.]
t1+100 ms to t2 0,488 [p.u.]
10 L2-N
Voltage drc.Jp depth t-10stott 0,997 [p.u]
or voltage increase
in no load test £,+100 ms to t2 0,488 [p.u.]
1" L3-N
t,-10 s to t1 0,997 [p.u.]
t1+100 ms to t2 0,487 [p.u.]
12 Positive sequence
t1-10 stotl 0,995 [p.u.]
13 L1-N voltage t-10stott 1,004 [p.u.]
14 L2-N voltage t-10stott 0,997 [p.u.]
Voltage t-10's to t1
15 L3-N voltage - 1usto 0,997 [p.u.]
16 Positive sequence t-10stott 0,995 [p.u.]
t,-500 ms to t,-
17 L1 0,223 [p.u.]
100 ms
t,-500 ms to t,-
18 L2 0,221 [p.u.]
100 ms
t,-500 ms to t,-
19 L3 0,224 [p.u.]
100 ms
Before drop Current —
<t1 Positive t,-500 ms to t,-
20 sequence_active 0,201 [p.u.]
100 ms
component
Positive t,-500 ms to t,-
21 sequence_reactive -0,095 [p.u.]
100 ms
component
22 _ Total t-10stot, 0,201 [p.u]
Active power — t-10stot
23 Positive sequence p1ustol 0,201 [p.u.]
24 _ Total t-10stot, -0,095 [p.u.]
Reactive power — t-10stot
25 Positive sequence ;s 1lustoly -0,095 [p.u.]
26 | cos @ - t-10stot, 0,904 [p.u]
t,+100 to t,-
27 L1-N voltage 0,491 [p.u.
voltag 20 ms [p.ul
During drop t,+100 to £,
28 |voltage L2-N voltage 0,488 [p.u.]
t1tot2 20 ms
t,+100 to t,-
29 L3-N voltage 0,488 [p.u.]
20 ms
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Value
No. | Parameter Phase reference Reference period [Uni]
t,+100 to t,-
30 Positive sequence 0,487 [p.u.]
20 ms
31 Phase L1 £,+60 ms 0,057 [p.u]
32 Phase current Phase L2 t1+60 ms 0,058 [pu]
33 Phase L3 t,+60 ms 0,045 [p.u.]
34 Phase L1 t, +100 ms 0,060 [p.u.]
35 |Phase current Phase L2 t; +100 ms 0,058 [p.u.]
36 Phase L3 t, +100 ms 0,058 [p.u.]
t,+100 ms to ¢,-
37 Total 0,029 [p.u.]
. 20 ms
Active power t,+100 ms to t,-
38 Positive sequence 0,029 [p.u.]
20 ms
39 L1-N voltage L*1stof,+10s 1,004 [p.u.]
40 | L2-N voltage L*1stof,+10s 0,997 [p.u.]
oltage
41 9 L3-N voltage L*1stot,+10s 0,997 [p.u.]
42 Positive sequence L*1stot,+10s 0,996 [p.u.]
LI Total L*1stot,+10s 0,190 [p.u.]
ctive power
44 P Positive sequence L*1stot,+10s 0,190 [p.u.]
45 | Active power rising Total - 0,104 [s]
After drop 46 |time Positive sequence - 0,104 [s]
>t2 47 _ Total ,*10s -0,107 [p.u.]
Reactive power — t+10
48 Positive sequence 2 S -0,107 [p.u.]
49 | Reactive power Total - 9,579 [s]
50 |risingtime Positive sequence - 9,579 [s]
PGU does not
51 disconnected from t, to t,+60s _yes
the grid till 60 s after
the end of the fault
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Value

No. | Parameter Phase reference Reference period [Uni]
0 | Test nummer — — 3.3
1 Date — — 3/18/2020 [dd.mm.yyyy]
2 | Time (Start of tests) |— — 9:50:43 AM [hh:mm:ss.f]
3 | Fault type (phases) |- - Two-phases
4 | Drop depth setpoint | Phase - phase - 0,50 [p.u]
Drop duration
5 P - - 1585 [ms]
setpoint
Time point of fault
6 Total - -68,923 [s]
occurrence (t1)
Time point of fault
7 Total - -67,224 [s]
clearance (t2)
) ) 8 Fault duration in no Total 1699 [ms]
General information load test
t1+100 ms to t2 0,491 [p.u.]
9 L1-N
t;-10stott 1,001 [p.u.]
t1+100 ms to t2 0,897 [p.u.]
10 L2-N
Voltage drc.Jp depth t-10stott 0,994 [p.u]
or voltage increase
in no load test £,+100 ms to t2 0,897 [p.u.]
1" L3-N
t,-10 s to t1 0,994 [p.u.]
t1+100 ms to t2 0,742 [p.u.]
12 Positive sequence
t1-10 stotl 0,992 [p.u.]
13 L1-N voltage t-10stott 1,001 [p.u.]
14 L2-N voltage t-10stott 0,994 [p.u.]
Voltage t-10's to t1
15 L3-N voltage - 1usto 0,994 [p.u.]
16 Positive sequence t-10stott 0,992 [p.u.]
t,-500 ms to t,-
17 L1 1,119 [p.u.]
100 ms
t,-500 ms to t,-
18 L2 1,112 [p.u]
100 ms
t,-500 ms to t,-
19 L3 1,118 [p.u.]
100 ms
Before drop Current —
<t1 Positive t,-500 ms to t,-
20 sequence_active 1,006 [p.u.]
100 ms
component
Positive t,-500 ms to t,-
21 sequence_reactive -0,485 [p.u.]
100 ms
component
22 _ Total t-10stot, 1,003 [p.u.]
Active power — t-10stot
23 Positive sequence p1ustol 1,003 [p.u.]
24 _ Total t-10stot, 0,483 [p.ul]
Reactive power — t-10stot
25 Positive sequence ;s 1lustoly -0,483 [p.u.]
26 |cos @ - t-10stot, 0,901
t,+100 to t,-
27 L1-N voltage 0,491 [p.u.
voltag 20 ms [p.ul
During drop t,+100 to £,
28 |voltage L2-N voltage 0,897 [p.u.]
t1tot2 20 ms
t,+100 to t,-
29 L3-N voltage 0,897 [p.u.]
20 ms
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Value
No. | Parameter Phase reference Reference period [Uni]
t,+100 to t,-
30 Positive sequence 0,742 [p.u.]
20 ms
31 Phase L1 £,+60 ms 0,071 [p.u]
32 Phase current Phase L2 t1+60 ms 0,044 [p.u.]
33 Phase L3 t;+60 ms 0,037 [p.u]
34 Phase L1 t; +100 ms 0,066 [p.u.]
35 |Phase current Phase L2 t, +100 ms 0,045 [p.u.]
36 Phase L3 t, +100 ms 0,043 [p.u]
t,+100 ms to ¢,-
37 Total 0,037 [p.u.]
. 20 ms
Active power t,+100 ms to t,-
38 Positive sequence 0,037 [p.u.]
20 ms
39 L1-N voltage L*1stof,+10s 1,003 [p.u.]
40 Vot L2-N voltage L*1stof,+10s 0,996 [p.u.]
oltage
41 9 L3-N voltage L*1stot,+10s 0,996 [p.u.]
42 Positive sequence L*1stot,+10s 0,994 [p.u.]
LI Total L*1stot,+10s 0,988 [p.u.]
ctive power
44 P Positive sequence L*1stot,+10s 0,988 [p.u.]
45 | Active power rising Total - 0,360 [s]
After drop 46 |time Positive sequence - 0,360 [s]
>t2 47 _ Total ,*10s -0,458 [p.u.]
Reactive power — t+10
48 Positive sequence 2 S -0,458 [p.u.]
49 | Reactive power Total - 10,035 [s]
50 |risingtime Positive sequence — 10,035 [s]
PGU does not
51 disconnected from t, to t,+60s _yes
the grid till 60 s after
the end of the fault
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Value

No. | Parameter Phase reference Reference period [Uni]
0 Test nummer — — 3.4
1 Date — — 3/18/2020 [dd.mm.yyyy]
2 | Time (Start of tests) |— — 9:45:35 AM [hh:mm:ss.f]
3 | Fault type (phases) |- - Two-phases
4 | Drop depth setpoint | Phase - phase - 0,49 [p.u]
Drop duration
5 P - - 1700 [ms]
setpoint
Time point of fault
6 Total - 73,865 [s]
occurrence (t1)
Time point of fault
7 Total - -72,165 [s]
clearance (t2)
) ) 8 Fault duration in no Total 1700 [ms]
General information load test
t1+100 ms to t2 0,491 [p.u.]
9 L1-N
t;-10stott 1,004 [p.u.]
t1+100 ms to t2 0,897 [p.u.]
10 L2-N
Voltage drc.Jp depth t-10stott 0,997 [p.u]
or voltage increase
in no load test £,+100 ms to t2 0,897 [p.u.]
1" L3-N
t,-10 s to t1 0,997 [p.u.]
t1+100 ms to t2 0,742 [p.u.]
12 Positive sequence
t1-10 stotl 0,995 [p.u.]
13 L1-N voltage t-10stott 1,004 [p.u.]
14 L2-N voltage t-10stott 0,997 [p.u.]
Voltage t-10's to t1
15 L3-N voltage - 1usto 0,997 [p.u.]
16 Positive sequence t-10stott 0,995 [p.u.]
t,-500 ms to t,-
17 L1 0,223 [p.u.]
100 ms
t,-500 ms to t,-
18 L2 0,221 [p.u.]
100 ms
t,-500 ms to t,-
19 L3 0,224 [p.u.]
100 ms
Before drop Current —
<t1 Positive t,-500 ms to t,-
20 sequence_active 0,201 [p.u.]
100 ms
component
Positive t,-500 ms to t,-
21 sequence_reactive -0,095 [p.u.]
100 ms
component
22 _ Total t-10stot, 0,201 [p.u]
Active power — t-10stot
23 Positive sequence p1ustol 0,201 [p.u.]
24 _ Total t-10stot, -0,095 [p.u.]
Reactive power — t-10stot
25 Positive sequence ;s 1lustoly -0,095 [p.u.]
26 |cos @ - t-10stot, 0,905
t,+100 to t,-
27 L1-N voltage 0,491 [p.u.
voltag 20 ms [p.ul
During drop t,+100 to £,
28 |voltage L2-N voltage 0,897
t1tot2 20 ms
t,+100 to t,-
29 L3-N voltage 0,897 [p.u.]
20 ms
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Value
No. | Parameter Phase reference Reference period [Uni]
t,+100 to t,-
30 Positive sequence 0,742 [p.u.]
20 ms
31 Phase L1 £,+60 ms 0,071 [p.u]
32 Phase current Phase L2 t1+60 ms 0,043 [p.u.]
33 Phase L3 t;+60 ms 0,039 [p.u]
34 Phase L1 t; +100 ms 0,067 [p.u.]
35 |Phase current Phase L2 t, +100 ms 0,044 [p.u.]
36 Phase L3 t, +100 ms 0,044 [p.u]
t,+100 ms to ¢,-
37 Total 0,037 [p.u.]
. 20 ms
Active power t,+100 ms to t,-
38 Positive sequence 0,037 [p.u.]
20 ms
39 L1-N voltage L*1stof,+10s 1,004 [p.u.]
40 | L2-N voltage L*1stof,+10s 0,997 [p.u.]
oltage
41 9 L3-N voltage L*1stot,+10s 0,997 [p.u.]
42 Positive sequence L*1stot,+10s 0,996 [p.u.]
LI Total L*1stot,+10s 0,190 [p.u.]
ctive power
44 P Positive sequence L*1stot,+10s 0,190 [p.u.]
45 | Active power rising Total - 0,095 [s]
After drop 46 |time Positive sequence - 0,095 [s]
>t2 a7 Total ,+10s -0,107
eactive power
48 P Positive sequence t,*10s -0,107
49 | Reactive power Total - 9,587 [s]
50 |risingtime Positive sequence - 9,587 [s]
PGU does not
51 disconnected from t, to t,+60s _yes
the grid till 60 s after
the end of the fault
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Value

No. | Parameter Phase reference Reference period [Uni]
0 | Test nummer — — 41
1 Date - - 3/17/2020 [dd.mm.yyyy]
2 | Time (Start of tests) |— — 9:08:07 PM [hh:mm:ss.f]
3 | Fault type (phases) |- - Three-phases
4 | Drop depth setpoint | Phase - phase - 0,85 [p.u]
Drop duration
5 P - - 60500 [ms]
setpoint
Time point of fault
6 Total - -140,590 [s]
occurrence (t1)
Time point of fault
7 Total - -80,092 [s]
clearance (t2)
) ) 8 Fault duration in no Total 60488 [ms]
General information load test
t1+100 ms to t2 0,850 [p.u.]
9 L1-N
t;-10stott 1,007 [p.u.]
t1+100 ms to t2 0,844 [p.u.]
10 L2-N
Vol h
oltage drc.Jp dept t-10stott 1,000 [p.u]
or voltage increase
in no load test £,+100 ms to t2 0,845 [p.u.]
1" L3-N
t-10stott 1,000 [p.u.]
t1+100 ms to t2 0,843 [p.u.]
12 Positive sequence
t1-10 stotl 0,999 [p.u.]
13 L1-N voltage t-10stott 1,007 [p.u.]
14 L2-N voltage t-10stott 1,000 [p.u.]
Voltage t-10's to t1
15 L3-N voltage - 1usto 1,001 [p.u.]
16 Positive sequence t-10stott 0,999 [p.u.]
t,-500 ms to t,-
17 L1 1,009 [p.u.]
100 ms
t,-500 ms to t,-
18 L2 1,005 [p.u.]
100 ms
t,-500 ms to t,-
19 L3 1,011 [p.u.]
100 ms
Before drop Current —
<t1 Positive t,-500 ms to t,-
20 sequence_active 1,008 [p.u.]
100 ms
component
Positive t,-500 ms to t,-
21 sequence_reactive 0,001 [p.u.]
100 ms
component
22 _ Total ti-10stot, 1,011 [p.u]
Active power — t-10stot
23 Positive sequence p1ustol 1,011 [p.u.]
24 _ Total ti-10stot, 0,001 [p.u.]
Reactive power — t-10stot
25 Positive sequence ;s 1lustoly 0,001 [p.u.]
26 |cos @ - t-10stot, 1,000
t,+100 to t,-
27 L1-N voltage 0,850 [p.u.]
20 ms
During drop t,+100 to £,
28 |voltage L2-N voltage 0,844 [p.u.]
t1tot2 20 ms
t,+100 to t,-
29 L3-N voltage 0,845 [p.u.]
20 ms
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Value
No. | Parameter Phase reference Reference period [Uni]
£,+100 to f,-
30 Positive sequence 0,843 [p.u.]
20 ms
31 Phase L1 t,+60 ms 1,137 [p.u.]
32 Phase current Phase L2 t1+60 ms 1,139 [pu]
33 Phase L3 t,+60 ms 1,131 [p.u]]
34 Phase L1 t; +100 ms 1,109 [p.u.]
35 |Phase current Phase L2 t, +100 ms 1,107 [p.u.]
36 Phase L3 t, +100 ms 1,101 [p.u]
t,+100 ms to ¢,-
37 Total 0,946 [p.u.]
. 20 ms
Active power t,+100 ms to t,-
38 Positive sequence 0,946 [p.u.]
20 ms
39 L1-N voltage L*1stof,+10s 1,007 [p.u.]
40 | L2-N voltage [t1stot,+10s 1,000 [p.u.]
oltage
41 9 L3-N voltage Lt1stot,+10s 1,001 [p.u.]
42 Positive sequence L*1stot,+10s 0,999 [p.u.]
LI Total L*1stot,+10s 1,009 [p.u.]
ctive power
44 P Positive sequence L*1stot,+10s 1,009 [p.u.]
45 | Active power rising Total - - [s]
After drop 46 |time Positive sequence - - [s]
>t2 47 _ Total ,*10s 0,001 [p.u.]
Reactive power — t+10
48 Positive sequence 2 S 0,001 [p.u.]
49 | Reactive power Total - - [s]
50 |rising time Positive sequence - - [s]
PGU does not
51 disconnected from t, to t,+60s _yes
the grid till 60 s after
the end of the fault
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Value

No. | Parameter Phase reference Reference period [Uni]
0 | Test nummer — — 4.2
1 Date - - 3/17/2020 [dd.mm.yyyy]
2 | Time (Start of tests) |— — 8:58:37 PM [hh:mm:ss.f]
3 | Fault type (phases) |- - Three-phases
4 | Drop depth setpoint | Phase - phase - 0,85 [p.u]
Drop duration
5 P - - 60500 [ms]
setpoint
Time point of fault
6 Total - -153,337 [s]
occurrence (t1)
Time point of fault
7 Total - -92,338 [s]
clearance (t2)
) ) 8 Fault duration in no Total 60499 [ms]
General information load test
t1+100 ms to t2 0,847 [p.u.]
9 L1-N
t-10stott 1,005 [p.u.]
t1+100 ms to t2 0,841 [p.u.]
10 L2-N
Volt drop depth
orage arop dep t;-10s totl 0,998 [p.u.]
or voltage increase
in no load test £,+100 ms to t2 0,842 [p.u]
1" L3-N
t,-10 s to t1 0,998 [p.u.]
t1+100 ms to t2 0,840 [p.u.]
12 Positive sequence
t1-10 stotl 0,996 [p.u.]
13 L1-N voltage t-10stott 1,005 [p.u.]
14 L2-N voltage t-10stott 0,998 [p.u.]
Voltage t-10's to t1
15 L3-N voltage - 1usto 0,998 [p.u.]
16 Positive sequence t-10stott 0,996 [p.u.]
t,-500 ms to t,-
17 L1 0,202 [p.u.]
100 ms
t,-500 ms to t,-
18 L2 0,200 [p.u.]
100 ms
t,-500 ms to t,-
19 L3 0,202 [p.u.]
100 ms
Before drop Current —
<t1 Positive t,-500 ms to t,-
20 sequence_active 0,201 [p.u.]
100 ms
component
Positive t,-500 ms to t,-
21 sequence_reactive 0,002 [p.u.]
100 ms
component
22 _ Total t-10stot, 0,201 [p.u]
Active power — t-10stot
23 Positive sequence p1ustol 0,201 [p.u.]
24 _ Total t-10stot, 0,002 [p.u]
Reactive power — t-10stot
25 Positive sequence ;s 1lustoly 0,002 [p.u.]
26 |cos @ - t-10stot, 1,000
t,+100 to t,-
27 L1-N voltage 0,847 [p.u.]
20 ms
During drop t,+100 to £,
28 |voltage L2-N voltage 0,841 [p.u.]
t1tot2 20 ms
t,+100 to t,-
29 L3-N voltage 0,842 [p.u.]
20 ms
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Value
No. | Parameter Phase reference Reference period [Uni]
£,+100 to f,-
30 Positive sequence 0,840 [p.u.]
20 ms
31 Phase L1 t,+60 ms 0,242 [p.u]
32 Phase current Phase L2 t1+60 ms 0,241 [pu]
33 Phase L3 t,+60 ms 0,244 [p.u.]
34 Phase L1 t, +100 ms 0,238 [p.u.]
35 |Phase current Phase L2 t; +100 ms 0,236 [p.u.]
36 Phase L3 t, +100 ms 0,240 [p.u]
t,+100 ms to ¢,-
37 Total 0,201 [p.u.]
. 20 ms
Active power t,+100 ms to t,-
38 Positive sequence 0,201 [p.u.]
20 ms
39 L1-N voltage L*1stof,+10s 1,005 [p.u.]
40 Vot L2-N voltage L*1stof,+10s 0,998 [p.u.]
oltage
41 9 L3-N voltage L*1stot,+10s 0,998 [p.u.]
42 Positive sequence L*1stot,+10s 0,996 [p.u.]
LI Total L*1stot,+10s 0,201 [p.u.]
ctive power
44 P Positive sequence L*1stot,+10s 0,201 [p.u.]
45 | Active power rising Total - - [s]
After drop 46 |time Positive sequence - - [s]
>t2 47 _ Total ,*10s 0,002 [p.u.]
Reactive power — t+10
48 Positive sequence 2 S 0,002 [p.u.]
49 | Reactive power Total - - [s]
50 |rising time Positive sequence - - [s]
PGU does not
51 disconnected from t, to t,+60s _yes
the grid till 60 s after
the end of the fault
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Value

No. | Parameter Phase reference Reference period [Uni]
0 Test nummer — — 4.3
1 Date — — 3/18/2020 [dd.mm.yyyy]
2 | Time (Start of tests) |— — 10:00:58 AM [hh:mm:ss.f]
3 | Fault type (phases) |- - Two-phases
4 | Drop depth setpoint | Phase - phase - 0,85 [p.u]
Drop duration
5 P - - 60500 [ms]
setpoint
Time point of fault
6 Total - -142,017 [s]
occurrence (t1)
Time point of fault
7 Total - -81,520 [s]
clearance (t2)
) ) 8 Fault duration in no Total 60497 [ms]
General information load test
t1+100 ms to t2 0,863 [p.u.]
9 L1-N
t;-10stott 1,007 [p.u.]
t1+100 ms to t2 0,963 [p.u.]
10 L2-N
Voltage drc.Jp depth t-10stott 1,000 [p.u]
or voltage increase
in no load test £,+100 ms to t2 0,961 [p.u.]
1" L3-N
t;-10stott 1,001 [p.u.]
t1+100 ms to t2 0,924 [p.u.]
12 Positive sequence
t1-10 stotl 0,999 [p.u.]
13 L1-N voltage t-10stott 1,007 [p.u.]
14 L2-N voltage t-10stott 1,000 [p.u.]
Voltage t-10's to t1
15 L3-N voltage - 1usto 1,001 [p.u.]
16 Positive sequence t-10stott 0,999 [p.u.]
t,-500 ms to t,-
17 L1 1,010 [p.u.]
100 ms
t,-500 ms to t,-
18 L2 1,010 [p.u.]
100 ms
t,-500 ms to t,-
19 L3 1,004 [p.u.]
100 ms
Before drop Current —
<t1 Positive t,-500 ms to t,-
20 sequence_active 1,008 [p.u.]
100 ms
component
Positive t,-500 ms to t,-
21 sequence_reactive 0,001 [p.u.]
100 ms
component
22 _ Total ti-10stot, 1,011 [p.u]
Active power — t-10stot
23 Positive sequence p1ustol 1,011 [p.u.]
24 _ Total ti-10stot, 0,001 [p.u.]
Reactive power — t-10stot
25 Positive sequence ;s 1lustoly 0,001 [p.u.]
26 | cos @ - t-10stot, 1,000 [p.u.]
t,+100 to t,-
27 L1-N voltage 0,863 [p.u.]
20 ms
During drop t,+100 to £,
28 |voltage L2-N voltage 0,963 [p.u.]
t1tot2 20 ms
t,+100 to t,-
29 L3-N voltage 0,961 [p.u.]
20 ms
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Value
No. | Parameter Phase reference Reference period [Uni]
£,+100 to f,-
30 Positive sequence 0,924 [p.u.]
20 ms
31 Phase L1 t,+60 ms 1,091 [p.u]
32 Phase current Phase L2 t1+60 ms 1,072 [pu]
33 Phase L3 t,+60 ms 1,095 [p.u.]
34 Phase L1 t; +100 ms 1,090 [p.u.]
35 |Phase current Phase L2 t; +100 ms 1,070 [p.u.]
36 Phase L3 t, +100 ms 1,092 [p.u.]
t,+100 ms to ¢,-
37 Total 1,007 [p.u]
. 20 ms
Active power t,+100 ms to t,-
38 Positive sequence 1,007 [p.u.]
20 ms
39 L1-N voltage L*1stof,+10s 1,007 [p.u.]
40 | L2-N voltage [t1stot,+10s 1,000 [p.u.]
oltage
41 9 L3-N voltage Lt1stot,+10s 1,001 [p.u.]
42 Positive sequence L*1stot,+10s 0,999 [p.u.]
LI Total L*1stot,+10s 1,009 [p.u.]
ctive power
44 P Positive sequence L*1stot,+10s 1,009 [p.u.]
45 | Active power rising Total - - [s]
After drop 46 |time Positive sequence - - [s]
>t2 47 _ Total ,*10s 0,001 [p.u.]
Reactive power — t+10
48 Positive sequence 2 S 0,001 [p.u.]
49 | Reactive power Total - - [s]
50 |rising time Positive sequence - - [s]
PGU does not
51 disconnected from t, to t,+60s _yes
the grid till 60 s after
the end of the fault
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Value

No. | Parameter Phase reference Reference period [Uni]
0 | Test nummer - — 4.4
1 Date — — 3/18/2020 [dd.mm.yyyy]
2 | Time (Start of tests) |— — 10:09:36 AM [hh:mm:ss.f]
3 | Fault type (phases) |- - Two-phases
4 | Drop depth setpoint | Phase - phase - 0,85 [p.u]
Drop duration
5 P - - 60500 [ms]
setpoint
Time point of fault
6 Total - -153,336 [s]
occurrence (t1)
Time point of fault
7 Total - -92,838 [s]
clearance (t2)
) ) 8 Fault duration in no Total 60498 [ms]
General information load test
t1+100 ms to t2 0,860 [p.u.]
9 L1-N
t,-10 s to t1 1,005 [p.u.]
t1+100 ms to t2 0,959 [p.u.]
10 L2-N
Volt drop depth
oltage r(..)p ep t,-10 s to t1 0,998 [p.u.]
or voltage increase
in no load test £,+100 ms to t2 0,959 [p.u.]
1" L3-N
t,-10 s to t1 0,998 [p.u.]
t1+100 ms to t2 0,921 [p.u.]
12 Positive sequence
t1-10 stotl 0,996 [p.u.]
13 L1-N voltage t-10stott 1,005 [p.u.]
14 L2-N voltage t-10stott 0,998 [p.u.]
Voltage t-10's to t1
15 L3-N voltage - 1usto 0,998 [p.u.]
16 Positive sequence t-10stott 0,996 [p.u.]
t,-500 ms to t,-
17 L1 0,202 [p.u.]
100 ms
t,-500 ms to t,-
18 L2 0,200 [p.u.]
100 ms
t,-500 ms to t,-
19 L3 0,202 [p.u.]
100 ms
Before drop Current —
<t1 Positive t,-500 ms to t,-
20 sequence_active 0,201 [p.u.]
100 ms
component
Positive t,-500 ms to t,-
21 sequence_reactive 0,002 [p.u.]
100 ms
component
22 _ Total t-10stot, 0,201 [p.u]
Active power — t-10stot
23 Positive sequence p1ustol 0,201 [p.u.]
24 _ Total t-10stot, 0,002 [p.u]
Reactive power — t-10stot
25 Positive sequence ;s 1lustoly 0,002 [p.u.]
26 |cos @ - t-10stot, 1,000
t,+100 to t,-
27 L1-N voltage 0,860 [p.u.]
20 ms
During drop t,+100 to £,
28 |voltage L2-N voltage 0,959 [p.u.]
t1tot2 20 ms
t,+100 to t,-
29 L3-N voltage 0,959 [p.u.]
20 ms
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Value
No. | Parameter Phase reference Reference period [Uni]
£,+100 to f,-
30 Positive sequence 0,921 [p.u.]
20 ms
31 Phase L1 t,+60 ms 0,222 [p.u]
32 Phase current Phase L2 t1+60 ms 0,217 [pu]
33 Phase L3 t;+60 ms 0,210 [p.u]
34 Phase L1 t; +100 ms 0,219 [p.u.]
35 |Phase current Phase L2 t, +100 ms 0,219 [p.u.]
36 Phase L3 t, +100 ms 0,214 [p.u]
t,+100 ms to ¢,-
37 Total 0,201 [p.u.]
. 20 ms
Active power t,+100 ms to t,-
38 Positive sequence 0,201 [p.u.]
20 ms
39 L1-N voltage L*1stof,+10s 1,005 [p.u.]
40 Vot L2-N voltage L*1stof,+10s 0,998 [p.u.]
oltage
41 9 L3-N voltage L*1stot,+10s 0,998 [p.u.]
42 Positive sequence L*1stot,+10s 0,996 [p.u.]
LI Total L*1stot,+10s 0,201 [p.u.]
ctive power
44 P Positive sequence L*1stot,+10s 0,201 [p.u]
45 | Active power rising Total - - [s]
After drop 46 |time Positive sequence - - [s]
>t2 47 _ Total ,*10s 0,002 [p.u.]
Reactive power — t+10
48 Positive sequence 2 S 0,002 [p.u.]
49 | Reactive power Total - - [s]
50 |rising time Positive sequence - - [s]
PGU does not
51 disconnected from t, to t,+60s _yes
the grid till 60 s after
the end of the fault
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Value

No. | Parameter Phase reference Reference period [Uni]
0 Test nummer — — 5.1
1 Date — — 3/18/2020 [dd.mm.yyyy]
2 | Time (Start of tests) |— — 3:25:19 PM [hh:mm:ss.f]
3 | Fault type (phases) |- - Three-phases
4 | Drop depth setpoint | Phase - phase - 1,25 [p.u]
Drop duration
5 p . _ _ 110 [ms]
setpoint
Time point of fault
6 Total - -70,795 [s]
occurrence (t1)
Time point of fault
7 Total - -70,685 [s]
clearance (t2)
) ) 8 Fault duration in no Total 110 [ms]
General information load test
t1+100 ms to t2 1,257 [p.u.]
9 L1-N
t,-10 s to t1 1,007 [p.u.]
t1+100 ms to t2 1,245 [p.u.]
10 L2-N
Voltage drc.Jp depth t-10stott 1,001 [p.u]
or voltage increase
in no load test £,+100 ms to t2 1,250 [p.u.]
1" L3-N
t;-10stott 1,001 [p.u.]
t1+100 ms to t2 1,246 [p.u.]
12 Positive sequence
t1-10 stotl 0,999 [p.u.]
13 L1-N voltage t-10stott 1,007 [p.u.]
14 L2-N voltage t-10stott 1,001 [p.u.]
Voltage t-10's to t1
15 L3-N voltage - 1usto 1,001 [p.u.]
16 Positive sequence t-10stott 0,999 [p.u.]
t,-500 ms to t,-
17 L1 1,006 [p.u.]
100 ms
t,-500 ms to t,-
18 L2 1,009 [p.u.]
100 ms
t,-500 ms to t,-
19 L3 1,004 [p.u.]
100 ms
Before drop Current —
<t1 Positive t,-500 ms to t,-
20 sequence_active 1,006 [p.u.]
100 ms
component
Positive t,-500 ms to t,-
21 sequence_reactive 0,001 [p.u.]
100 ms
component
22 _ Total t-10stot, 1,009 [p.u.]
Active power — t-10stot
23 Positive sequence p1ustol 1,009 [p.u.]
24 _ Total t-10stot, 0,001 [p.u]
Reactive power — t-10stot
25 Positive sequence ;s 1lustoly 0,001 [p.u.]
26 |cos @ - t-10stot, 1,000
t,+100 to t,-
27 L1-N voltage 1,258 [p.u.
voltag 20 ms [p.ul
During drop t,+100 to £,
28 |voltage L2-N voltage 1,248 [p.u.]
t1tot2 20 ms
t,+100 to t,-
29 L3-N voltage 1,250 [p.u.]
20 ms
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Value
No. | Parameter Phase reference Reference period [Uni]
t,+100 to £,-
30 Positive sequence 1,247 [p.u.]
20 ms
31 Phase L1 £,+60 ms 0,045 [p.u]
32 | Phase current Phase L2 t,+60 ms 0,033 [p.u]
33 Phase L3 t,+60 ms 0,012 [p.ul]
34 Phase L1 t, +100 ms 0,057 [p.u.]
35 |Phase current Phase L2 t; +100 ms 0,046 [p.u.]
36 Phase L3 t, +100 ms 0,039 [p.u]
t,+100 ms to ¢,-
37 Total 0,058 [p.u.]
. 20 ms
Active power t,+100 ms to t,-
38 Positive sequence 0,058 [p.u.]
20 ms
39 L1-N voltage L*1stof,+10s 1,007 [p.u.]
40 | L2-N voltage [t1stot,+10s 1,001 [p.u.]
oltage
41 9 L3-N voltage Lt1stot,+10s 1,001 [p.u.]
42 Positive sequence L*1stot,+10s 0,999 [p.u.]
LI Total L*1stot,+10s 0,998 [p.u.]
ctive power
44 P Positive sequence L*1stot,+10s 0,998 [p.u.]
45 | Active power rising Total - 0,362 [s]
After drop 46 |time Positive sequence - 0,362 [s]
>t2 47 _ Total ,*10s 0,001 [p.u.]
Reactive power — t+10
48 Positive sequence 2 S 0,001 [p.u.]
49 | Reactive power Total - - [s]
50 |rising time Positive sequence - - [s]
PGU does not
51 disconnected from t, to t,+60s _yes
the grid till 60 s after
the end of the fault
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Value

No. | Parameter Phase reference Reference period [Uni]
0 Test nummer — — 5.2
1 Date — — 3/18/2020 [dd.mm.yyyy]
2 | Time (Start of tests) |— — 3:30:25 PM [hh:mm:ss.f]
3 | Fault type (phases) |- - Three-phases
4 | Drop depth setpoint | Phase - phase - 1,25 [p.u]
Drop duration
5 p ‘ _ _ 110 [ms]
setpoint
Time point of fault
6 Total - 74,475 [s]
occurrence (t1)
Time point of fault
7 Total - -74,365 [s]
clearance (t2)
) ) 8 Fault duration in no Total 110 [ms]
General information load test
t1+100 ms to t2 1,259 [p.u.]
9 L1-N
t-10stott 1,005 [p.u.]
t1+100 ms to t2 1,249 [p.u.]
10 L2-N
Volt drop depth
oltage r?p ep t,-10 s to t1 0,998 [p.u.]
or voltage increase
in no load test £,+100 ms to t2 1,251 [p.u.]
1" L3-N
t,-10 s to t1 0,998 [p.u.]
t1+100 ms to t2 1,247 [p.u.]
12 Positive sequence
t1-10 stotl 0,996 [p.u.]
13 L1-N voltage t-10stott 1,005 [p.u.]
14 L2-N voltage t-10stott 0,998 [p.u.]
Voltage t-10's to t1
15 L3-N voltage - 1usto 0,998 [p.u.]
16 Positive sequence t-10stott 0,996 [p.u.]
t,-500 ms to t,-
17 L1 0,202 [p.u.]
100 ms
t,-500 ms to t,-
18 L2 0,200 [p.u.]
100 ms
t,-500 ms to t,-
19 L3 0,202 [p.u.]
100 ms
Before drop Current —
<t1 Positive t,-500 ms to t,-
20 sequence_active 0,201 [p.u.]
100 ms
component
Positive t,-500 ms to t,-
21 sequence_reactive 0,002 [p.u.]
100 ms
component
22 _ Total t-10stot, 0,201 [p.u]
Active power — t-10stot
23 Positive sequence p1ustol 0,201 [p.u.]
24 _ Total t-10stot, 0,002 [p.u]
Reactive power — t-10stot
25 Positive sequence ;s 1lustoly 0,002 [p.u.]
26 |cos @ - t-10stot, 1,000
t,+100 to t,-
27 L1-N voltage 1,260 [p.u.
voltag 20 ms [p.ul
During drop t,+100 to £,
28 |voltage L2-N voltage 1,250 [p.u.]
t1tot2 20 ms
t,+100 to t,-
29 L3-N voltage 1,251 [p.u.]
20 ms

TRF No. VDE-AR-N 4105:2018
Project No: 64.290.20.30220.01
Rev.: 00

Date: 2020-04-13

Page: 119 of 165

Telephone : +86 20 3832 0668
Telefax : +86 20 3832 0478

http://lwww.tuv-sud.cn

Tl V SI D Certification and Testing (China) Co.,
Ltd. Guangzhou Branch, Tl V Sl D Group

5F, Communication Building, 163 Pingyun Rd,
Huangpu Ave. West, Guangzhou 510656, P. R.

China




Value
No. | Parameter Phase reference Reference period [Uni]
t,+100 to £,-
30 Positive sequence 1,248 [p.u.]
20 ms
31 Phase L1 t,+60 ms 0,047 [p.u]
32 Phase current Phase L2 t1+60 ms 0,046 [p.u.]
33 Phase L3 t;+60 ms 0,046 [p.u.]
34 Phase L1 t, +100 ms 0,047 [p.u]
35 |Phase current Phase L2 t, +100 ms 0,044 [p.u.]
36 Phase L3 t, +100 ms 0,046 [p.u.]
t,+100 ms to ¢,-
37 Total 0,057 [p.u.]
. 20 ms
Active power t,+100 ms to t,-
38 Positive sequence 0,057 [p.u.]
20 ms
39 L1-N voltage L*1stof,+10s 1,005 [p.u.]
40 Vot L2-N voltage L*1stof,+10s 0,998 [p.u.]
oltage
41 9 L3-N voltage L*1stot,+10s 0,998 [p.u.]
42 Positive sequence L*1stot,+10s 0,996 [p.u.]
LI Total L*1stot,+10s 0,196 [p.u.]
ctive power
44 P Positive sequence L*1stot,+10s 0,196 [p.u.]
45 | Active power rising Total - 0,075 [s]
After drop 46 |time Positive sequence - 0,075 [s]
>t2 47 _ Total ,*10s 0,002 [p.u.]
Reactive power — t+10
48 Positive sequence 2 S 0,002 [p.u.]
49 | Reactive power Total - -[s]
50 |rising time Positive sequence - - [s]
PGU does not
51 disconnected from t, to t,+60s _yes
the grid till 60 s after
the end of the fault
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Value

No. | Parameter Phase reference Reference period [Uni]
0 Test nummer — — 5.3 - D1
1 Date — — 3/18/2020 [dd.mm.yyyy]
2 | Time (Start of tests) |— — 3:38:22 PM [hh:mm:ss.f]
3 | Fault type (phases) |- - Two-phases
4 | Drop depth setpoint | Phase - phase - 1,25 [p.u]
Drop duration
5 P . _ _ 110 [ms]
setpoint
Time point of fault
6 Total - -74,996 [s]
occurrence (t1)
Time point of fault
7 Total - -74,887 [s]
clearance (t2)
) ) 8 Fault duration in no Total 109 [ms]
General information load test
t1+100 ms to t2 1,258 [p.u.]
9 L1-N
t;-10stott 1,007 [p.u.]
t1+100 ms to t2 1,057 [p.u.]
10 L2-N
Voltage drc.Jp depth t-10stott 1,000 [p.u]
or voltage increase
in no load test £,+100 ms to t2 1,057 [p.u.]
1" L3-N
t;-10stott 1,001 [p.u.]
t1+100 ms to t2 1,114 [p.u.]
12 Positive sequence
t1-10 stotl 0,999 [p.u.]
13 L1-N voltage t-10stott 1,007 [p.u.]
14 L2-N voltage t-10stott 1,000 [p.u.]
Voltage t-10's to t1
15 L3-N voltage - 1usto 1,001 [p.u.]
16 Positive sequence t-10stott 0,999 [p.u.]
t,-500 ms to t,-
17 L1 1,007 [p.u.]
100 ms
t,-500 ms to t,-
18 L2 1,007 [p.u.]
100 ms
t,-500 ms to t,-
19 L3 1,004 [p.u.]
100 ms
Before drop Current —
<t1 Positive t,-500 ms to t,-
20 sequence_active 1,006 [p.u.]
100 ms
component
Positive t,-500 ms to t,-
21 sequence_reactive 0,001 [p.u.]
100 ms
component
22 _ Total t-10stot, 1,010 [p.u.]
Active power — t-10stot
23 Positive sequence p1ustol 1,010 [p.u.]
24 _ Total t-10stot, 0,001 [p.u]
Reactive power — t-10stot
25 Positive sequence ;s 1lustoly 0,001 [p.u.]
26 |cos @ - t-10stot, 1,000
t,+100 to t,-
27 L1-N voltage 1,259 [p.u.
voltag 20 ms [p.ul
During drop t,+100 to £,
28 |voltage L2-N voltage 1,058 [p.u.]
t1tot2 20 ms
t,+100 to t,-
29 L3-N voltage 1,057 [p.u.]
20 ms
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Value
No. | Parameter Phase reference Reference period [Uni]
£,+100 to f,-
30 Positive sequence 1,115 [p.u.]
20 ms
31 Phase L1 £,+60 ms -0,005 [p.u.]
32 Phase current Phase L2 t1+60 ms 0,027 [pu]
33 Phase L3 t;+60 ms 0,006 [p.u]
34 Phase L1 t; +100 ms 0,041 [p.u.]
35 |Phase current Phase L2 t, +100 ms 0,046 [p.u.]
36 Phase L3 t, +100 ms 0,040 [p.u]
t,+100 ms to ¢,-
37 Total 0,044 [p.u.]
. 20 ms
Active power t,+100 ms to t,-
38 Positive sequence 0,044 [p.u.]
20 ms
39 L1-N voltage L*1stof,+10s 1,007 [p.u.]
40 | L2-N voltage [t1stot,+10s 1,001 [p.u.]
oltage
41 9 L3-N voltage Lt1stot,+10s 1,001 [p.u.]
42 Positive sequence L*1stot,+10s 0,999 [p.u.]
LI Total L*1stot,+10s 0,998 [p.u.]
ctive power
44 P Positive sequence L*1stot,+10s 0,998 [p.u.]
45 | Active power rising Total - 0,363 [s]
After drop 46 |time Positive sequence - 0,363 [s]
>t2 47 _ Total ,*10s 0,001 [p.u.]
Reactive power — t+10
48 Positive sequence 2 S 0,001 [p.u.]
49 | Reactive power Total - - [s]
50 |rising time Positive sequence - - [s]
PGU does not
51 disconnected from t, to t,+60s _yes
the grid till 60 s after
the end of the fault
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Value

No. | Parameter Phase reference Reference period [Uni]
0 Test nummer — — 5.3-D2
1 Date - - 3/27/2020 [dd.mm.yyyy]
2 | Time (Start of tests) |— — 12:25:21 PM [hh:mm:ss.f]
3 | Fault type (phases) |- - Two-phases
4 | Drop depth setpoint | Phase - phase - 1,25 [p.u]
Drop duration
5 p . _ _ 110 [ms]
setpoint
Time point of fault
6 Total - -68,697 [s]
occurrence (t1)
Time point of fault
7 Total - -68,583 [s]
clearance (t2)
) ) 8 Fault duration in no Total 114 [ms]
General information load test
t1+100 ms to t2 1,064 [p.u.]
9 L1-N
t;-10stott 1,007 [p.u.]
t1+100 ms to t2 1,246 [p.u.]
10 L2-N
Voltage dr?p depth t-10stott 1,000 [p.u]
or voltage increase
in no load test £,+100 ms to t2 1,059 [p.u.]
1" L3-N
t;-10stott 1,001 [p.u.]
t1+100 ms to t2 1,113 [p.u.]
12 Positive sequence
t1-10 stotl 0,999 [p.u.]
13 L1-N voltage t-10stott 1,007 [p.u.]
14 L2-N voltage t-10stott 1,000 [p.u.]
Voltage t-10's to t1
15 L3-N voltage - 1usto 1,001 [p.u.]
16 Positive sequence t-10stott 0,999 [p.u.]
t,-500 ms to t,-
17 L1 1,008 [p.u.]
100 ms
t,-500 ms to t,-
18 L2 1,009 [p.u.]
100 ms
t,-500 ms to t,-
19 L3 1,005 [p.u.]
100 ms
Before drop Current —
<t1 Positive t,-500 ms to t,-
20 sequence_active 1,007 [p.u.]
100 ms
component
Positive t,-500 ms to t,-
21 sequence_reactive 0,001 [p.u.]
100 ms
component
22 _ Total t-10stot, 1,011 [p.u]
Active power — t-10stot
23 Positive sequence p1ustol 1,011 [p.u.]
24 _ Total t-10stot, 0,001 [p.u]
Reactive power — t-10stot
25 Positive sequence ;s 1lustoly 0,001 [p.u.]
26 |cos @ - t-10stot, 1,000
t,+100 to t,-
27 L1-N voltage 1,066 [p.u.
voltag 20 ms [p.ul
During drop t,+100 to £,
28 |voltage L2-N voltage 1,246 [p.u.]
t1tot2 20 ms
t,+100 to t,-
29 L3-N voltage 1,059 [p.u.]
20 ms
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Value
No. | Parameter Phase reference Reference period [Uni]
£,+100 to f,-
30 Positive sequence 1,114 [p.u.]
20 ms
31 Phase L1 £,+60 ms 0,025 [p.u]
32 Phase current Phase L2 t1+60 ms 0,024 [pu]
33 Phase L3 t,+60 ms 0,043 [p.u.]
34 Phase L1 t; +100 ms 0,041 [p.u.]
35 |Phase current Phase L2 t; +100 ms 0,042 [p.u.]
36 Phase L3 t, +100 ms 0,048 [p.u.]
t,+100 ms to ¢,-
37 Total 0,049 [p.u.]
. 20 ms
Active power t,+100 ms to t,-
38 Positive sequence 0,049 [p.u.]
20 ms
39 L1-N voltage L*1stof,+10s 1,007 [p.u.]
40 | L2-N voltage [t1stot,+10s 1,000 [p.u.]
oltage
41 9 L3-N voltage Lt1stot,+10s 1,001 [p.u.]
42 Positive sequence L*1stot,+10s 0,999 [p.u.]
LI Total L*1stot,+10s 0,998 [p.u.]
ctive power
44 P Positive sequence L*1stot,+10s 0,998 [p.u.]
45 | Active power rising Total - 0,358 [s]
After drop 46 |time Positive sequence - 0,358 [s]
>t2 47 _ Total ,*10s 0,001 [p.u.]
Reactive power — t+10
48 Positive sequence 2 S 0,001 [p.u.]
49 | Reactive power Total - - [s]
50 |rising time Positive sequence - - [s]
PGU does not
51 disconnected from t, to t,+60s _yes
the grid till 60 s after
the end of the fault
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Value

No. | Parameter Phase reference Reference period [Uni]
0 Test nummer — — 5.4
1 Date — — 3/18/2020 [dd.mm.yyyy]
2 | Time (Start of tests) |— — 3:47:29 PM [hh:mm:ss.f]
3 | Fault type (phases) |- - Two-phases
4 | Drop depth setpoint | Phase - phase - 1,25 [p.u]
Drop duration
5 p . _ _ 110 [ms]
setpoint
Time point of fault
6 Total - -78,091 [s]
occurrence (t1)
Time point of fault
7 Total - -77,982 [s]
clearance (t2)
) ) 8 Fault duration in no Total 110 [ms]
General information load test
t1+100 ms to t2 1,258 [p.u.]
9 L1-N
t-10stott 1,005 [p.u.]
t1+100 ms to t2 1,059 [p.u.]
10 L2-N
Volt drop depth
oltage r?p ep t,-10 s to t1 0,998 [p.u.]
or voltage increase
in no load test £,+100 ms to t2 1,059 [p.u.]
1" L3-N
t,-10 s to t1 0,998 [p.u.]
t1+100 ms to t2 1,115 [p.u.]
12 Positive sequence
t1-10 stotl 0,996 [p.u.]
13 L1-N voltage t-10stott 1,005 [p.u.]
14 L2-N voltage t-10stott 0,998 [p.u.]
Voltage t-10's to t1
15 L3-N voltage - 1usto 0,998 [p.u.]
16 Positive sequence t-10stott 0,996 [p.u.]
t,-500 ms to t,-
17 L1 0,202 [p.u.]
100 ms
t,-500 ms to t,-
18 L2 0,200 [p.u.]
100 ms
t,-500 ms to t,-
19 L3 0,202 [p.u.]
100 ms
Before drop Current —
<t1 Positive t,-500 ms to t,-
20 sequence_active 0,201 [p.u.]
100 ms
component
Positive t,-500 ms to t,-
21 sequence_reactive 0,002 [p.u.]
100 ms
component
22 _ Total t-10stot, 0,201 [p.u]
Active power — t-10stot
23 Positive sequence p1ustol 0,201 [p.u.]
24 _ Total t-10stot, 0,002 [p.u]
Reactive power — t-10stot
25 Positive sequence ;s 1lustoly 0,002 [p.u.]
26 |cos @ - t-10stot, 1,000
t,+100 to t,-
27 L1-N voltage 1,259 [p.u.
voltag 20 ms [p.ul
During drop t,+100 to £,
28 |voltage L2-N voltage 1,059 [p.u.]
t1tot2 20 ms
t,+100 to t,-
29 L3-N voltage 1,058 [p.u.]
20 ms
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Value
No. | Parameter Phase reference Reference period [Uni]
£,+100 to f,-
30 Positive sequence 1,115 [p.u.]
20 ms
31 Phase L1 £,+60 ms 0,031 [p.u]
32 Phase current Phase L2 t1+60 ms 0,044 [p.u.]
33 Phase L3 t;+60 ms 0,046 [p.u.]
34 Phase L1 t; +100 ms 0,042 [p.u.]
35 |Phase current Phase L2 t, +100 ms 0,044 [p.u.]
36 Phase L3 t, +100 ms 0,046 [p.u.]
t,+100 ms to ¢,-
37 Total 0,049 [p.u.]
. 20 ms
Active power t,+100 ms to t,-
38 Positive sequence 0,049 [p.u.]
20 ms
39 L1-N voltage L*1stof,+10s 1,005 [p.u.]
40 Vot L2-N voltage L*1stof,+10s 0,998 [p.u.]
oltage
41 9 L3-N voltage L*1stot,+10s 0,998 [p.u.]
42 Positive sequence L*1stot,+10s 0,996 [p.u.]
LI Total L*1stot,+10s 0,196 [p.u.]
ctive power
44 P Positive sequence L*1stot,+10s 0,196 [p.u.]
45 | Active power rising Total - 0,086 [s]
After drop 46 |time Positive sequence - 0,086 [s]
>t2 47 _ Total ,*10s 0,002 [p.u.]
Reactive power — t+10
48 Positive sequence 2 S 0,002 [p.u.]
49 | Reactive power Total - - [s]
50 |rising time Positive sequence - - [s]
PGU does not
51 disconnected from t, to t,+60s _yes
the grid till 60 s after
the end of the fault
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Value

No. | Parameter Phase reference Reference period [Uni]
0 Test nummer — — 6.1
1 Date — — 3/18/2020 [dd.mm.yyyy]
2 | Time (Start of tests) |— — 3:03:09 PM [hh:mm:ss.f]
3 | Fault type (phases) |- - Three-phases
4 | Drop depth setpoint | Phase - phase - 1,20 [p.u]
Drop duration
5 P - - 5010 [ms]
setpoint
Time point of fault
6 Total - -65,550 [s]
occurrence (t1)
Time point of fault
7 Total - -60,540 [s]
clearance (t2)
) ) 8 Fault duration in no Total 5010 [ms]
General information load test
t1+100 ms to t2 1,207 [p.u.]
9 L1-N
t;-10stott 1,007 [p.u.]
t1+100 ms to t2 1,198 [p.u.]
10 L2-N
Voltage drc.Jp depth t-10stott 1,000 [p.u]
or voltage increase
in no load test £,+100 ms to t2 1,199 [p.u.]
1" L3-N
t;-10stott 1,001 [p.u.]
t1+100 ms to t2 1,196 [p.u.]
12 Positive sequence
t1-10 stotl 0,999 [p.u.]
13 L1-N voltage t-10stott 1,007 [p.u.]
14 L2-N voltage t-10stott 1,000 [p.u.]
Voltage t-10's to t1
15 L3-N voltage - 1usto 1,001 [p.u.]
16 Positive sequence t-10stott 0,999 [p.u.]
t,-500 ms to t,-
17 L1 1,003 [p.u.]
100 ms
t,-500 ms to t,-
18 L2 1,006 [p.u.]
100 ms
t,-500 ms to t,-
19 L3 1,004 [p.u.]
100 ms
Before drop Current —
<t1 Positive t,-500 ms to t,-
20 sequence_active 1,004 [p.u.]
100 ms
component
Positive t,-500 ms to t,-
21 sequence_reactive 0,001 [p.u.]
100 ms
component
22 _ Total t-10stot, 1,009 [p.u.]
Active power — t-10stot
23 Positive sequence p1ustol 1,009 [p.u.]
24 _ Total ti-10stot, 0,001 [p.u.]
Reactive power — t-10stot
25 Positive sequence ;s 1lustoly 0,001 [p.u.]
26 |cos @ - t-10stot, 1,000
t,+100 to t,-
27 L1-N voltage 1,207 [p.u.
voltag 20 ms [p.ul
During drop t,+100 to £,
28 |voltage L2-N voltage 1,198 [p.u.]
t1tot2 20 ms
t,+100 to t,-
29 L3-N voltage 1,199 [p.u.]
20 ms
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Value
No. | Parameter Phase reference Reference period [Uni]
t,+100 to t,-
30 Positive sequence 1,196 [p.u.]
20 ms
31 Phase L1 £,+60 ms 0,034 [p.u]
32 Phase current Phase L2 t1+60 ms 0,050 [pu]
33 Phase L3 t,+60 ms 0,053 [p.u.]
34 Phase L1 t; +100 ms 0,043 [p.u.]
35 |Phase current Phase L2 t, +100 ms 0,046 [p.u.]
36 Phase L3 t, +100 ms 0,048 [p.u.]
t,+100 ms to ¢,-
37 Total 0,056 [p.u.]
. 20 ms
Active power t,+100 ms to t,-
38 Positive sequence 0,056 [p.u.]
20 ms
39 L1-N voltage L*1stof,+10s 1,007 [p.u.]
40 | L2-N voltage [t1stot,+10s 1,001 [p.u.]
oltage
41 9 L3-N voltage Lt1stot,+10s 1,001 [p.u.]
42 Positive sequence L*1stot,+10s 0,999 [p.u.]
LI Total L*1stot,+10s 0,997 [p.u.]
ctive power
44 P Positive sequence L*1stot,+10s 0,997 [p.u.]
45 | Active power rising Total - 0,360 [s]
After drop 46 |time Positive sequence - 0,360 [s]
>t2 47 _ Total ,*10s 0,001 [p.u.]
Reactive power — t+10
48 Positive sequence 2 S 0,001 [p.u.]
49 | Reactive power Total - - [s]
50 |rising time Positive sequence - - [s]
PGU does not
51 disconnected from t, to t,+60s _yes
the grid till 60 s after
the end of the fault
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Value

No. | Parameter Phase reference Reference period [Uni]
0 Test nummer — — 6.2
1 Date — — 3/18/2020 [dd.mm.yyyy]
2 | Time (Start of tests) |— — 3:09:40 PM [hh:mm:ss.f]
3 | Fault type (phases) |- - Three-phases
4 | Drop depth setpoint | Phase - phase - 1,20 [p.u]
Drop duration
5 P - - 5010 [ms]
setpoint
Time point of fault
6 Total - -78,008 [s]
occurrence (t1)
Time point of fault
7 Total - -73,000 [s]
clearance (t2)
) ) 8 Fault duration in no Total 5008 [ms]
General information load test
t1+100 ms to t2 1,207 [p.u.]
9 L1-N
t-10stott 1,005 [p.u.]
t1+100 ms to t2 1,198 [p.u.]
10 L2-N
Volt drop depth
oltage r?p ep t,-10 s to t1 0,998 [p.u.]
or voltage increase
in no load test £,+100 ms to t2 1,199 [p.u.]
1" L3-N
t,-10 s to t1 0,998 [p.u.]
t1+100 ms to t2 1,196 [p.u.]
12 Positive sequence
t1-10 stotl 0,996 [p.u.]
13 L1-N voltage t-10stott 1,005 [p.u.]
14 L2-N voltage t-10stott 0,998 [p.u.]
Voltage t-10's to t1
15 L3-N voltage - 1usto 0,998 [p.u.]
16 Positive sequence t-10stott 0,996 [p.u.]
t,-500 ms to t,-
17 L1 0,202 [p.u.]
100 ms
t,-500 ms to t,-
18 L2 0,200 [p.u.]
100 ms
t,-500 ms to t,-
19 L3 0,202 [p.u.]
100 ms
Before drop Current —
<t1 Positive t,-500 ms to t,-
20 sequence_active 0,201 [p.u.]
100 ms
component
Positive t,-500 ms to t,-
21 sequence_reactive 0,002 [p.u.]
100 ms
component
22 _ Total t-10stot, 0,202 [p.u]
Active power — t-10stot
23 Positive sequence p1ustol 0,202 [p.u.]
24 _ Total t-10stot, 0,002 [p.u]
Reactive power — t-10stot
25 Positive sequence ;s 1lustoly 0,002 [p.u.]
26 |cos @ - t-10stot, 1,000
t,+100 to t,-
27 L1-N voltage 1,207 [p.u.
voltag 20 ms [p.ul
During drop t,+100 to £,
28 |voltage L2-N voltage 1,198 [p.u.]
t1tot2 20 ms
t,+100 to t,-
29 L3-N voltage 1,199 [p.u.]
20 ms
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Value
No. | Parameter Phase reference Reference period [Uni]
t,+100 to t,-
30 Positive sequence 1,196 [p.u.]
20 ms
31 Phase L1 £,+60 ms 0,046 [p.u]
32 Phase current Phase L2 t1+60 ms 0,043 [p.u.]
33 Phase L3 t;+60 ms 0,047 [p.u]
34 Phase L1 t; +100 ms 0,045 [p.u.]
35 |Phase current Phase L2 t, +100 ms 0,044 [p.u.]
36 Phase L3 t, +100 ms 0,046 [p.u.]
t,+100 ms to ¢,-
37 Total 0,056 [p.u.]
. 20 ms
Active power t,+100 ms to t,-
38 Positive sequence 0,056 [p.u.]
20 ms
39 L1-N voltage L*1stof,+10s 1,005 [p.u.]
40 Vot L2-N voltage L*1stof,+10s 0,998 [p.u.]
oltage
41 9 L3-N voltage L*1stot,+10s 0,998 [p.u.]
42 Positive sequence L*1stot,+10s 0,996 [p.u.]
LI Total L*1stot,+10s 0,196 [p.u.]
ctive power
44 P Positive sequence L*1stot,+10s 0,196 [p.u.]
45 | Active power rising Total - 0,076 [s]
After drop 46 |time Positive sequence - 0,076 [s]
>t2 47 _ Total ,*10s 0,002 [p.u.]
Reactive power — t+10
48 Positive sequence 2 S 0,002 [p.u.]
49 | Reactive power Total - - [s]
50 |rising time Positive sequence - - [s]
PGU does not
51 disconnected from t, to t,+60s _yes
the grid till 60 s after
the end of the fault
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Value

No. | Parameter Phase reference Reference period [Uni]
0 | Test nummer — — 6.3
1 Date — — 3/18/2020 [dd.mm.yyyy]
2 | Time (Start of tests) |— — 3:14:09 PM [hh:mm:ss.f]
3 | Fault type (phases) |- - Two-phases
4 | Drop depth setpoint | Phase - phase - 1,20 [p.u]
Drop duration
5 P - - 5010 [ms]
setpoint
Time point of fault
6 Total - -71,230 [s]
occurrence (t1)
Time point of fault
7 Total - -66,220 [s]
clearance (t2)
) ) 8 Fault duration in no Total 5010 [ms]
General information load test
t1+100 ms to t2 1,207 [p.u.]
9 L1-N
t;-10stott 1,007 [p.u.]
t1+100 ms to t2 1,046 [p.u.]
10 L2-N
Voltage drc.Jp depth t-10stott 1,000 [p.u]
or voltage increase
in no load test £,+100 ms to t2 1,046 [p.u.]
1" L3-N
t;-10stott 1,001 [p.u.]
t1+100 ms to t2 1,092 [p.u.]
12 Positive sequence
t1-10 stotl 0,999 [p.u.]
13 L1-N voltage t-10stott 1,007 [p.u.]
14 L2-N voltage t-10stott 1,000 [p.u.]
Voltage t-10's to t1
15 L3-N voltage - 1usto 1,001 [p.u.]
16 Positive sequence t-10stott 0,999 [p.u.]
t,-500 ms to t,-
17 L1 1,004 [p.u.]
100 ms
t,-500 ms to t,-
18 L2 1,007 [p.u.]
100 ms
t,-500 ms to t,-
19 L3 1,007 [p.u.]
100 ms
Before drop Current —
<t1 Positive t,-500 ms to t,-
20 sequence_active 1,006 [p.u.]
100 ms
component
Positive t,-500 ms to t,-
21 sequence_reactive 0,001 [p.u.]
100 ms
component
22 _ Total t-10stot, 1,009 [p.u.]
Active power — t-10stot
23 Positive sequence p1ustol 1,009 [p.u.]
24 _ Total ti-10stot, 0,001 [p.u.]
Reactive power — t-10stot
25 Positive sequence ;s 1lustoly 0,001 [p.u.]
26 |cos @ - t-10stot, 1,000
t,+100 to t,-
27 L1-N voltage 1,207 [p.u.
voltag 20 ms [p.ul
During drop t,+100 to £,
28 |voltage L2-N voltage 1,046 [p.u.]
t1tot2 20 ms
t,+100 to t,-
29 L3-N voltage 1,046 [p.u.]
20 ms
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Value
No. | Parameter Phase reference Reference period [Uni]
£,+100 to f,-
30 Positive sequence 1,092 [p.u.]
20 ms
31 Phase L1 £,+60 ms 0,061 [p.u]
32 Phase current Phase L2 t1+60 ms 0,036 [pu]
33 Phase L3 t,+60 ms 0,042 [p.u.]
34 Phase L1 t, +100 ms 0,050 [p.u.]
35 |Phase current Phase L2 t; +100 ms 0,039 [p.u.]
36 Phase L3 t, +100 ms 0,044 [p.u]
t,+100 ms to ¢,-
37 Total 0,048 [p.u.]
. 20 ms
Active power t,+100 ms to t,-
38 Positive sequence 0,048 [p.u.]
20 ms
39 L1-N voltage L*1stof,+10s 1,007 [p.u.]
40 | L2-N voltage [t1stot,+10s 1,000 [p.u.]
oltage
41 9 L3-N voltage Lt1stot,+10s 1,001 [p.u.]
42 Positive sequence L*1stot,+10s 0,999 [p.u.]
LI Total L*1stot,+10s 0,997 [p.u.]
ctive power
44 P Positive sequence L*1stot,+10s 0,997 [p.u.]
45 | Active power rising Total - 0,354 [s]
After drop 46 |time Positive sequence - 0,354 [s]
>t2 47 _ Total ,*10s 0,001 [p.u.]
Reactive power — t+10
48 Positive sequence 2 S 0,001 [p.u.]
49 | Reactive power Total - - [s]
50 |rising time Positive sequence - - [s]
PGU does not
51 disconnected from t, to t,+60s _yes
the grid till 60 s after
the end of the fault
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Value

No. | Parameter Phase reference Reference period [Uni]
0 Test nummer — — 6.4
1 Date — — 3/18/2020 [dd.mm.yyyy]
2 | Time (Start of tests) |— — 3:22:18 PM [hh:mm:ss.f]
3 | Fault type (phases) |- - Two-phases
4 | Drop depth setpoint | Phase - phase - 1,20 [p.u]
Drop duration
5 P - - 5010 [ms]
setpoint
Time point of fault
6 Total - -73,442 [s]
occurrence (t1)
Time point of fault
7 Total - -68,433 [s]
clearance (t2)
) ) 8 Fault duration in no Total 5009 [ms]
General information load test
t1+100 ms to t2 1,207 [p.u.]
9 L1-N
t-10stott 1,005 [p.u.]
t1+100 ms to t2 1,046 [p.u.]
10 L2-N
Volt drop depth
oltage r?p ep t,-10 s to t1 0,998 [p.u.]
or voltage increase
in no load test £,+100 ms to t2 1,046 [p.u.]
1" L3-N
t,-10 s to t1 0,998 [p.u.]
t1+100 ms to t2 1,092 [p.u.]
12 Positive sequence
t1-10 stotl 0,996 [p.u.]
13 L1-N voltage t-10stott 1,005 [p.u.]
14 L2-N voltage t-10stott 0,998 [p.u.]
Voltage t-10's to t1
15 L3-N voltage - 1usto 0,998 [p.u.]
16 Positive sequence t-10stott 0,996 [p.u.]
t,-500 ms to t,-
17 L1 0,202 [p.u.]
100 ms
t,-500 ms to t,-
18 L2 0,200 [p.u.]
100 ms
t,-500 ms to t,-
19 L3 0,202 [p.u.]
100 ms
Before drop Current —
<t1 Positive t,-500 ms to t,-
20 sequence_active 0,201 [p.u.]
100 ms
component
Positive t,-500 ms to t,-
21 sequence_reactive 0,002 [p.u.]
100 ms
component
22 _ Total t-10stot, 0,201 [p.u]
Active power — t-10stot
23 Positive sequence p1ustol 0,201 [p.u.]
24 _ Total t-10stot, 0,002 [p.u]
Reactive power — t-10stot
25 Positive sequence ;s 1lustoly 0,002 [p.u.]
26 |cos @ - t-10stot, 1,000
t,+100 to t,-
27 L1-N voltage 1,207 [p.u.
voltag 20 ms [p.ul
During drop t,+100 to £,
28 |voltage L2-N voltage 1,046 [p.u.]
t1tot2 20 ms
t,+100 to t,-
29 L3-N voltage 1,046 [p.u.]
20 ms
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Value
No. | Parameter Phase reference Reference period [Uni]
t,+100 to t,-
30 Positive sequence 1,092 [p.u.]
20 ms
31 Phase L1 £,+60 ms 0,034 [p.u]
32 Phase current Phase L2 t1+60 ms 0,043 [pu]
33 Phase L3 t,+60 ms 0,046 [p.u.]
34 Phase L1 t, +100 ms 0,043 [p.u.]
35 |Phase current Phase L2 t; +100 ms 0,044 [p.u.]
36 Phase L3 t, +100 ms 0,045 [p.u.]
t,+100 ms to ¢,-
37 Total 0,048 [p.u.]
. 20 ms
Active power t,+100 ms to t,-
38 Positive sequence 0,048 [p.u.]
20 ms
39 L1-N voltage L*1stof,+10s 1,005 [p.u.]
40 Vot L2-N voltage L*1stof,+10s 0,998 [p.u.]
oltage
41 9 L3-N voltage L*1stot,+10s 0,998 [p.u.]
42 Positive sequence L*1stot,+10s 0,996 [p.u.]
LI Total L*1stot,+10s 0,196 [p.u.]
ctive power
44 P Positive sequence L*1stot,+10s 0,196 [p.u.]
45 | Active power rising Total - 0,077 [s]
After drop 46 |time Positive sequence - 0,077 [s]
>t2 47 _ Total ,*10s 0,002 [p.u.]
Reactive power — t+10
48 Positive sequence 2 S 0,002 [p.u.]
49 | Reactive power Total - - [s]
50 |rising time Positive sequence - - [s]
PGU does not
51 disconnected from t, to t,+60s _yes
the grid till 60 s after
the end of the fault
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Value

No. | Parameter Phase reference Reference period [Uni]
0 | Test nummer — — 7.1
1 Date — — 3/18/2020 [dd.mm.yyyy]
2 | Time (Start of tests) |— — 2:06:03 PM [hh:mm:ss.f]
3 | Fault type (phases) |- - Three-phases
4 | Drop depth setpoint | Phase - phase - 1,15 [p.u]
Drop duration
5 P - - 60500 [ms]
setpoint
Time point of fault
6 Total - -139,086 [s]
occurrence (t1)
Time point of fault
7 Total - -78,588 [s]
clearance (t2)
) ) 8 Fault duration in no Total 60498 [ms]
General information load test
t1+100 ms to t2 1,160 [p.u.]
9 L1-N
t;-10stott 1,007 [p.u.]
t1+100 ms to t2 1,152 [p.u.]
10 L2-N
Voltage dr?p depth t-10stott 1,000 [p.u]
or voltage increase
in no load test £,+100 ms to t2 1,153 [p.u.]
1" L3-N
t;-10stott 1,001 [p.u.]
t1+100 ms to t2 1,150 [p.u.]
12 Positive sequence
t1-10 stotl 0,999 [p.u.]
13 L1-N voltage t-10stott 1,007 [p.u.]
14 L2-N voltage t-10stott 1,000 [p.u.]
Voltage t-10's to t1
15 L3-N voltage - 1usto 1,001 [p.u.]
16 Positive sequence t-10stott 0,999 [p.u.]
t,-500 ms to t,-
17 L1 1,012 [p.u.]
100 ms
t,-500 ms to t,-
18 L2 1,003 [p.u.]
100 ms
t,-500 ms to t,-
19 L3 1,005 [p.u.]
100 ms
Before drop Current —
<t1 Positive t,-500 ms to t,-
20 sequence_active 1,007 [p.u.]
100 ms
component
Positive t,-500 ms to t,-
21 sequence_reactive 0,001 [p.u.]
100 ms
component
22 _ Total ti-10stot, 1,010 [p.u.]
Active power — t-10stot
23 Positive sequence p1ustol 1,010 [p.u.]
24 _ Total ti-10stot, 0,001 [p.u.]
Reactive power — t-10stot
25 Positive sequence ;s 1lustoly 0,001 [p.u.]
26 |cos @ - t-10stot, 1,000
t,+100 to t,-
27 L1-N voltage 1,160 [p.u.
voltag 20 ms [p.ul
During drop t,+100 to £,
28 |voltage L2-N voltage 1,152 [p.u.]
t1tot2 20 ms
t,+100 to t,-
29 L3-N voltage 1,153 [p.u.]
20 ms
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Value
No. | Parameter Phase reference Reference period [Uni]
£,+100 to f,-
30 Positive sequence 1,150 [p.u.]
20 ms
31 Phase L1 t,+60 ms 0,822 [p.u]
32 Phase current Phase L2 t1+60 ms 0,811 [pu]
33 Phase L3 t,+60 ms 0,811 [p.u.]
34 Phase L1 t; +100 ms 0,844 [p.u.]
35 |Phase current Phase L2 t; +100 ms 0,829 [p.u.]
36 Phase L3 t, +100 ms 0,834 [p.u]
t,+100 ms to ¢,-
37 Total 1,009 [p.u.]
. 20 ms
Active power t,+100 ms to t,-
38 Positive sequence 1,009 [p.u.]
20 ms
39 L1-N voltage L*1stof,+10s 1,007 [p.u.]
40 | L2-N voltage [t1stot,+10s 1,001 [p.u.]
oltage
41 9 L3-N voltage Lt1stot,+10s 1,001 [p.u.]
42 Positive sequence L*1stot,+10s 0,999 [p.u.]
LI Total L*1stot,+10s 1,011 [p.u.]
ctive power
44 P Positive sequence L*1stot,+10s 1,011 [p.u.]
45 | Active power rising Total - - [s]
After drop 46 |time Positive sequence - - [s]
>t2 47 _ Total ,*10s 0,001 [p.u.]
Reactive power — t+10
48 Positive sequence 2 S 0,001 [p.u.]
49 | Reactive power Total - - [s]
50 |rising time Positive sequence - - [s]
PGU does not
51 disconnected from t, to t,+60s _yes
the grid till 60 s after
the end of the fault
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Value

No. | Parameter Phase reference Reference period [Uni]
0 | Test nummer — — 7.2
1 Date — — 3/18/2020 [dd.mm.yyyy]
2 | Time (Start of tests) |— — 2:02:11 PM [hh:mm:ss.f]
3 | Fault type (phases) |- - Three-phases
4 | Drop depth setpoint | Phase - phase - 1,15 [p.u]
Drop duration
5 P - - 60500 [ms]
setpoint
Time point of fault
6 Total - -140,704 [s]
occurrence (t1)
Time point of fault
7 Total - -80,206 [s]
clearance (t2)
) ) 8 Fault duration in no Total 60498 [ms]
General information load test
t1+100 ms to t2 1,158 [p.u.]
9 L1-N
t-10stott 1,005 [p.u.]
t1+100 ms to t2 1,150 [p.u.]
10 L2-N
Volt drop depth
oltage r?p ep t,-10 s to t1 0,998 [p.u.]
or voltage increase
in no load test £,+100 ms to t2 1,151 [p.u]]
1" L3-N
t,-10 s to t1 0,998 [p.u.]
t1+100 ms to t2 1,148 [p.u.]
12 Positive sequence
t1-10 stotl 0,996 [p.u.]
13 L1-N voltage t-10stott 1,005 [p.u.]
14 L2-N voltage t-10stott 0,998 [p.u.]
Voltage t-10's to t1
15 L3-N voltage - 1usto 0,998 [p.u.]
16 Positive sequence t-10stott 0,996 [p.u.]
t,-500 ms to t,-
17 L1 0,202 [p.u.]
100 ms
t,-500 ms to t,-
18 L2 0,200 [p.u.]
100 ms
t,-500 ms to t,-
19 L3 0,202 [p.u.]
100 ms
Before drop Current —
<t1 Positive t,-500 ms to t,-
20 sequence_active 0,201 [p.u.]
100 ms
component
Positive t,-500 ms to t,-
21 sequence_reactive 0,002 [p.u.]
100 ms
component
22 _ Total t-10stot, 0,201 [p.u]
Active power — t-10stot
23 Positive sequence p1ustol 0,201 [p.u.]
24 _ Total t-10stot, 0,002 [p.u]
Reactive power — t-10stot
25 Positive sequence ;s 1lustoly 0,002 [p.u.]
26 |cos @ - t-10stot, 1,000
t,+100 to t,-
27 L1-N voltage 1,158 [p.u.
voltag 20 ms [p.ul
During drop t,+100 to £,
28 |voltage L2-N voltage 1,150 [p.u.]
t1tot2 20 ms
t,+100 to t,-
29 L3-N voltage 1,151 [p.u.]
20 ms
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Value
No. | Parameter Phase reference Reference period [Uni]
£,+100 to f,-
30 Positive sequence 1,148 [p.u.]
20 ms
31 Phase L1 t,+60 ms 0,174 [p.u]
32 Phase current Phase L2 t1+60 ms 0,172 [pu]
33 Phase L3 t;+60 ms 0,174 [p.u]
34 Phase L1 t; +100 ms 0,178 [p.u.]
35 |Phase current Phase L2 t, +100 ms 0,173 [p.u.]
36 Phase L3 t, +100 ms 0,176 [p.u.]
t,+100 ms to ¢,-
37 Total 0,202 [p.u.]
. 20 ms
Active power t,+100 ms to t,-
38 Positive sequence 0,202 [p.u.]
20 ms
39 L1-N voltage L*1stof,+10s 1,005 [p.u.]
40 Vot L2-N voltage L*1stof,+10s 0,998 [p.u.]
oltage
41 9 L3-N voltage L*1stot,+10s 0,998 [p.u.]
42 Positive sequence L*1stot,+10s 0,996 [p.u.]
LI Total L*1stot,+10s 0,201 [p.u.]
ctive power
44 P Positive sequence L*1stot,+10s 0,201 [p.u]
45 | Active power rising Total - - [s]
After drop 46 |time Positive sequence - - [s]
>t2 47 _ Total ,*10s 0,002 [p.u.]
Reactive power — t+10
48 Positive sequence 2 S 0,002 [p.u.]
49 | Reactive power Total - -[s]
50 |rising time Positive sequence - - [s]
PGU does not
51 disconnected from t, to t,+60s _yes
the grid till 60 s after
the end of the fault
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Value

No. | Parameter Phase reference Reference period [Uni]
0 Test nummer — — 7.3
1 Date — — 3/18/2020 [dd.mm.yyyy]
2 | Time (Start of tests) |— — 2:19:05 PM [hh:mm:ss.f]
3 | Fault type (phases) |- - Two-phases
4 | Drop depth setpoint | Phase - phase - 1,15 [p.u]
Drop duration
5 P - - 60500 [ms]
setpoint
Time point of fault
6 Total - -134,718 [s]
occurrence (t1)
Time point of fault
7 Total - -74,220 [s]
clearance (t2)
) ) 8 Fault duration in no Total 60498 [ms]
General information load test
t1+100 ms to t2 1,160 [p.u.]
9 L1-N
t;-10stott 1,007 [p.u.]
t1+100 ms to t2 1,043 [p.u.]
10 L2-N
Voltage drc.Jp depth t-10stott 1,001 [p.u]
or voltage increase
in no load test £,+100 ms to t2 1,045 [p.u.]
1" L3-N
t;-10stott 1,001 [p.u.]
t1+100 ms to t2 1,076 [p.u.]
12 Positive sequence
t1-10 stotl 0,999 [p.u.]
13 L1-N voltage t-10stott 1,007 [p.u.]
14 L2-N voltage t-10stott 1,001 [p.u.]
Voltage t-10's to t1
15 L3-N voltage - 1usto 1,001 [p.u.]
16 Positive sequence t-10stott 0,999 [p.u.]
t,-500 ms to t,-
17 L1 1,011 [p.u.]
100 ms
t,-500 ms to t,-
18 L2 1,009 [p.u.]
100 ms
t,-500 ms to t,-
19 L3 1,005 [p.u.]
100 ms
Before drop Current —
<t1 Positive t,-500 ms to t,-
20 sequence_active 1,008 [p.u.]
100 ms
component
Positive t,-500 ms to t,-
21 sequence_reactive 0,001 [p.u.]
100 ms
component
22 _ Total t-10stot, 1,011 [p.u]
Active power — t-10stot
23 Positive sequence p1ustol 1,011 [p.u.]
24 _ Total t-10stot, 0,001 [p.u]
Reactive power — t-10stot
25 Positive sequence ;s 1lustoly 0,001 [p.u.]
26 |cos @ - t-10stot, 1,000
t,+100 to t,-
27 L1-N voltage 1,160 [p.u.
voltag 20 ms [p.ul
During drop t,+100 to £,
28 |voltage L2-N voltage 1,043 [p.u.]
t1tot2 20 ms
t,+100 to t,-
29 L3-N voltage 1,045 [p.u.]
20 ms
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Value
No. | Parameter Phase reference Reference period [Uni]
£,+100 to f,-
30 Positive sequence 1,076 [p.u.]
20 ms
31 Phase L1 t,+60 ms 0,927 [p.u]
32 Phase current Phase L2 t1+60 ms 0,946 [pu]
33 Phase L3 t,+60 ms 0,915 [p.u.]
34 Phase L1 t; +100 ms 0,916 [p.u.]
35 |Phase current Phase L2 t, +100 ms 0,941 [p.u.]
36 Phase L3 t, +100 ms 0,903 [p.u]
t,+100 ms to ¢,-
37 Total 1,009 [p.u]
. 20 ms
Active power t,+100 ms to t,-
38 Positive sequence 1,009 [p.u.]
20 ms
39 L1-N voltage L*1stof,+10s 1,007 [p.u.]
40 | L2-N voltage [t1stot,+10s 1,000 [p.u.]
oltage
41 9 L3-N voltage Lt1stot,+10s 1,001 [p.u.]
42 Positive sequence L*1stot,+10s 0,999 [p.u.]
LI Total L*1stot,+10s 1,011 [p.u.]
ctive power
44 P Positive sequence L*1stot,+10s 1,011 [p.u.]
45 | Active power rising Total - - [s]
After drop 46 |time Positive sequence - - [s]
>t2 47 _ Total ,*10s 0,001 [p.u.]
Reactive power — t+10
48 Positive sequence 2 S 0,001 [p.u.]
49 | Reactive power Total - - [s]
50 |rising time Positive sequence - - [s]
PGU does not
51 disconnected from t, to t,+60s _yes
the grid till 60 s after
the end of the fault
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Value

No. | Parameter Phase reference Reference period [Uni]
0 | Test nummer — — 7.4
1 Date — — 3/18/2020 [dd.mm.yyyy]
2 | Time (Start of tests) |— — 2:27:23 PM [hh:mm:ss.f]
3 | Fault type (phases) |- - Two-phases
4 | Drop depth setpoint | Phase - phase - 1,15 [p.u]
Drop duration
5 P - - 60500 [ms]
setpoint
Time point of fault
6 Total - -149,100 [s]
occurrence (t1)
Time point of fault
7 Total - -88,602 [s]
clearance (t2)
) ) 8 Fault duration in no Total 60498 [ms]
General information load test
t1+100 ms to t2 1,158 [p.u.]
9 L1-N
t-10stott 1,005 [p.u.]
t1+100 ms to t2 1,041 [p.u.]
10 L2-N
Volt drop depth
oltage r?p ep t,-10 s to t1 0,998 [p.u.]
or voltage increase
in no load test £,+100 ms to t2 1,042 [p.u]
1" L3-N
t,-10 s to t1 0,998 [p.u.]
t1+100 ms to t2 1,074 [p.u.]
12 Positive sequence
t1-10 stotl 0,996 [p.u.]
13 L1-N voltage t-10stott 1,005 [p.u.]
14 L2-N voltage t-10stott 0,998 [p.u.]
Voltage t-10's to t1
15 L3-N voltage - 1usto 0,998 [p.u.]
16 Positive sequence t-10stott 0,996 [p.u.]
t,-500 ms to t,-
17 L1 0,202 [p.u.]
100 ms
t,-500 ms to t,-
18 L2 0,200 [p.u.]
100 ms
t,-500 ms to t,-
19 L3 0,202 [p.u.]
100 ms
Before drop Current —
<t1 Positive t,-500 ms to t,-
20 sequence_active 0,201 [p.u.]
100 ms
component
Positive t,-500 ms to t,-
21 sequence_reactive 0,002 [p.u.]
100 ms
component
22 _ Total t-10stot, 0,201 [p.u]
Active power — t-10stot
23 Positive sequence p1ustol 0,201 [p.u.]
24 _ Total t-10stot, 0,002 [p.u]
Reactive power — t-10stot
25 Positive sequence ;s 1lustoly 0,002 [p.u.]
26 |cos @ - t-10stot, 1,000
t,+100 to t,-
27 L1-N voltage 1,158 [p.u.
voltag 20 ms [p.ul
During drop t,+100 to £,
28 |voltage L2-N voltage 1,041 [p.u.]
t1tot2 20 ms
t,+100 to t,-
29 L3-N voltage 1,042 [p.u.]
20 ms

TRF No. VDE-AR-N 4105:2018
Project No: 64.290.20.30220.01
Rev.: 00

Date: 2020-04-13

Page: 141 of 165

Telephone : +86 20 3832 0668
Telefax : +86 20 3832 0478

http://lwww.tuv-sud.cn

Tl V SI D Certification and Testing (China) Co.,
Ltd. Guangzhou Branch, Tl V Sl D Group

5F, Communication Building, 163 Pingyun Rd,
Huangpu Ave. West, Guangzhou 510656, P. R.

China




Value
No. | Parameter Phase reference Reference period [Uni]
£,+100 to f,-
30 Positive sequence 1,074 [p.u.]
20 ms
31 Phase L1 £,+60 ms 0,181 [p.u]
32 Phase current Phase L2 t1+60 ms 0,181 [p.u.]
33 Phase L3 t;+60 ms 0,190 [p.u.]
34 Phase L1 t; +100 ms 0,186 [p.u.]
35 |Phase current Phase L2 t, +100 ms 0,184 [p.u.]
36 Phase L3 t, +100 ms 0,190 [p.u]
t,+100 ms to ¢,-
37 Total 0,202 [p.u.]
. 20 ms
Active power t,+100 ms to t,-
38 Positive sequence 0,202 [p.u.]
20 ms
39 L1-N voltage L*1stof,+10s 1,005 [p.u.]
40 Vot L2-N voltage L*1stof,+10s 0,998 [p.u.]
oltage
41 9 L3-N voltage L*1stot,+10s 0,998 [p.u.]
42 Positive sequence L*1stot,+10s 0,996 [p.u.]
LI Total L*1stot,+10s 0,201 [p.u.]
ctive power
44 P Positive sequence L*1stot,+10s 0,201 [p.u]
45 | Active power rising Total - - [s]
After drop 46 |time Positive sequence - - [s]
>t2 47 _ Total ,*10s 0,002 [p.u.]
Reactive power — t+10
48 Positive sequence 2 S 0,002 [p.u.]
49 | Reactive power Total - -[s]
50 |rising time Positive sequence - - [s]
PGU does not
51 disconnected from t, to t,+60s _yes
the grid till 60 s after
the end of the fault
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Oscillogram of no-load condition

Phase | EUT output . Test
Gy fault conditions Oscillogram No.
1.1
TE;esee- No-load e
P 1.2
. b1
No-load
and
1.4
Two-
phase
1.3 -
No-load D2
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2.1,
2.2
Three- ’
No-load 3.1
phase I
3.2
2 and
3
2.3,
ngg'e No-load g‘:l%
P and
3.4
4.1
Three-
No-load and
phase 49
4
4.3
LV;Z;E No-load and
P 4.4
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5.1
Three-
No-load and
phase 5.2
53—
D1
5 No-load and
5.4
Two-
phase
5.3-—
No-load D2
6.1
6 Ve No-load and
phase 6.2
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6.3
Two-
No-load and
phase 6.4
7.1
;E;?e' No-load and
7.2
7
7.3
F;I;]V;Z_e No-load and
7.4
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Oscillogram of test condition

EUT . T
Group Phase fault Yl EITL Oscillogram est
conditions No.
a) Three phase voltage (phase-to-neutral) and three
phase current (waveforms)
Full - 11
load(100%Pn) ) .
b) Various parameters value of recalculation rate of 1/ms
Three-
1
phase
a) Three phase voltage (phase-to-neutral) and three
phase current (waveforms)
Partial 12
load(20%Pn) '
b) Various parameters value of recalculation rate of 1/m
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Two-
phase

301 Wmbor

a) Three phase voltage (phase-to-neutral) and three
phase current (waveforms)

1.3
Full -
load(100%Pn) - _ _ T D1
b) Various parameters value of recalculation rate of 1/ms
Full a) Three phase voltage (phase-to-neutral) and three 13
load(100%Pn) phase current (waveforms) -

D2
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b) Various parameters value of recalculation rate of 1/ms

a) Three phase voltage (phase-to-neutral) and three
phase current (waveforms)

Partial 14
load(20%Pn) : '
b) Various parameters value of recalculation rate of 1/ms
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a) Three phase voltage (phase-to-neutral) and three
phase current (waveforms)
Full L ) ' B 21
load(10096Pn) | FEE _ _ : ; . _
b) Various parameters value of recalculation rate of 1/ms
Three-
2
phase
a) Three phase voltage (phase-to-neutral) and three
phase current (waveforms)
\|\:\'-\-\'\'\'\'\'\'\'\I\I\I\I\I‘I‘I‘l‘l‘l‘l‘l\l\l\l\\IIi
oL
IRRRRRRRR
Partial 29
load(20%Pn) '

b) Various parameters value of recalculation rate of 1/ms
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a) Three phase voltage (phase-to-neutral) and three
phase current (waveforms)

Full (B A IR 23
- load(100%Pn) | FEEEES _ e | 2.
Wo- b) Various parameters value of recalculation rate of 1/ms
phase
Partial a) Three phase voltage (phase-to-neutral) and three >
load(20%Pn) phase current (waveforms) '
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b) Various parameters value of recalculation rate of 1/ms

a) Three phase voltage (phase-to-neutral) and three
phase current (waveforms)

NN I T |
AR AR ‘.‘-‘.‘ﬂ

3 Three- Full AR _ ' Ly 31
phase | load(100%Pn) | === ; - '
b) Various parameters value of recalculation rate of 1/ms
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a) Three phase voltage (phase-to-neutral) and three
phase current (waveforms)
T T —————— | UL
I U ettt A
Partial | S 3.2
load(20%Pn) : ; ‘
b) Various parameters value of recalculation rate of 1/ms
a) Three phase voltage (phase-to-neutral) and three
phase current (waveforms)
(T A
AT
Two- Full 33
PNaSE | 10U (100 0PN ) | e ————————— '
“““ T — B o LA
L AR
b) Various parameters value of recalculation rate of 1/ms
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a) Three phase voltage (phase-to-neutral) and three
phase current (waveforms)

Partial 34
load(20%Pn) '
4 Three- Eull a) Three phase voltage (phase-to-neutral) and three 41
phase | load(100%Pn) phase current (waveforms) '
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b) Various parameters value of recalculation rate of 1/ms

a) Three phase voltage (phase-to-neutral) and three
phase current (waveforms)

Partial 42
load(20%Pn) . . '
b) Various parameters value of recalculation rate of 1/ms
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a) Three phase voltage (phase-to-neutral) and three
phase current (waveforms)
Full
load(100%Pn) _ _ =
b) Various parameters value of recalculation rate of 1/ms
Two-
phase
a) Three phase voltage (phase-to-neutral) and three
phase current (waveforms)
Partial
0 4.4
load(20%Pn)
b) Various parameters value of recalculation rate of 1/ms
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a) Three phase voltage (phase-to-neutral) and three
phase current (waveforms)

ST Wb )

Full . 51
h load(100%6Pn) | Hes : -
5 e b) Various parameters value of recalculation rate of 1/ms
phase
Partial a) Three phase voltage (phase-to-neutral) and three 2%
load(20%Pn) phase current (waveforms) '
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b) Various parameters value of recalculation rate of 1/ms

Two- Full
phase | load(100%Pn)

a) Three phase voltage (phase-to-neutral) and three
phase current (waveforms)

b) Various parameters value of recalculation rate of 1/ms

5.3

D1
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a) Three phase voltage (phase-to-neutral) and three
phase current (waveforms)
Full >3
load(100%Pn) | == : : D2
b) Various parameters value of recalculation rate of 1/ms
a) Three phase voltage (phase-to-neutral) and three
phase current (waveforms)
Partial 54
load(20%Pn) '
b) Various parameters value of recalculation rate of 1/ms
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a) Three phase voltage (phase-to-neutral) and three
phase current (waveforms)

Full 6.1
Th load(100%Pn) '
6 ph;?e' b) Various parameters value of recalculation rate of 1/ms
Partial a) Three phase voltage (phase-to-neutral) and three -
load(20%Pn) phase current (waveforms) '
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b) Various parameters value of recalculation rate of 1/ms

a) Three phase voltage (phase-to-neutral) and three
phase current (waveforms)

Two- Full 6.3
phase | load(100%Pn) ] ] '
b) Various parameters value of recalculation rate of 1/ms
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a) Three phase voltage (phase-to-neutral) and three
phase current (waveforms)
Parti
artial 6.4
load(20%Pn) _ _
b) Various parameters value of recalculation rate of 1/ms
a) Three phase voltage (phase-to-neutral) and three
phase current (waveforms)
7 Three- Full 71
phase | load(100%Pn) '
b) Various parameters value of recalculation rate of 1/ms
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a) Three phase voltage (phase-to-neutral) and three
phase current (waveforms)

Partial 79
load(20%Pn) . . '
b) Various parameters value of recalculation rate of 1/ms
Two- Eull a) Three phase voltage (phase-to-neutral) and three .
phase | load(100%Pn) phase current (waveforms) '
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b) Various parameters value of recalculation rate of 1/ms

a) Three phase voltage (phase-to-neutral) and three
phase current (waveforms)

Partial 74
load(20%Pn) ] ] '
b) Various parameters value of recalculation rate of 1/ms
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Channel and symbols description for all above oscillograms
For oscillogram a):

CHZ1.: voltage signal of L1-N (waveform)

CH2: voltage signal of L2-N (waveform)

CH3: voltage signal of L3-N (waveform)

CH4: current signle of L1 (waveform)

CH5: current signle of L2 (waveform)

CHS6: current signle of L3 (waveform)

For oscillogram b): all values below is peridic value with recalcution rate of 1/ms
U: voltage in positive sequence system

P: active power in positive sequence system

Q: reactive power in positive sequence system

IP: active component current in positive sequence system
IQ: reactive component current in positive sequence system
PF: power factor

S: apparent power in positive sequence system

U1: r.m.s. value of voltage L1-N

U2: r.m.s. value of voltage L2-N

U3: r.m.s. value of voltage L3-N

I1: r.m.s. value of current L1

I2: r.m.s. value of current L2

I3: r.m.s. value of current L3

End of test report
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